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There are four major green turtle, Chelonia
mydas, breeding concentrations in Australia:
Capricorn - Bunker Groups and adjacent islands
in the southern Great Barrier Reef (GBR); Raine
Island - Moulter Cay and adjacent islands in the
northern GBR: Wellesley Group - eastern
Arnhem Land in the Gulfof Carpentaria; and, the
northwest shelf of Western Australia. These
appear to be the only major rookery areas for the
Australasian region where signifieant population
deelines are not already in progress for this
species (Groombridge & Luxmoore, 1989).
Raine Island, Moulter Cay and the other sand
caysof thenorthern GBR colleetively support the
largest remaining breeding assemblage of green
turtles in the world. b

While world-wide there were onee many other
C. mydas rookeries of the magnitude of Raine
Island - Moulter Cay, there may now only be a
few: Tortuguerro rookery of Caribbean Costa
Riea; Ras al Had in Oman; Northwest Shelf of
Western Australia. Australia and, in particular the
GBR, 1s one of the last strongholds for a once
flourishing species worldwide.

Within a few years of commencement of our
tagging at Raine Island it beeame apparent that
many of the turtles were migrating from feeding
arcas outside of Australia, In addition, large
numbers of C. nydas were being hunted for food,
both at the village level and for commercial
market, within the feeding areas supplying turtles
to the Australian rookeries. So, while there has
been almost total proteetion of the nesting
females at the GBR rookeries for many years, the

population is under a large but impreeisely
determined harvest pressure. In many arcas this
harvest targets large females but in Torres Strait
gravid females migrating to breed are preferred
where they are available. The pattern that has
developed this century with turtle harvests in
other countries is that marine turtle population
numbers will erash following several decades of
intense harvesting. Given that the large harvests
that target the Raine Island turtles have only been
operating in the past 2 or 3 decades, concern must
be held for the future stability of this population.
Improvements in our basic understanding of
turtle biology and significant improvements in
marine turtle management are surely needed in
these times of declining turtle populations in
Southeast Asia and the Western Pacific Region
(Limpus, 1997). This is particularly so, given that
sustainable management of marine turtle
populations subjected to large scale harvests has
not been achieved in the 300 years sinec the
clements of our modern understandings of green
turtle biology were first deseribed by William
Dampier in 1717 (Mascfield, 1906).

The turtle research at Raine Island in the years
1975-1979 was initially part of exploratory
studies by the Qucensland Government
Conservation Ageney (currently ealled
Qucensland Parks and Wildlife Service [QPWS])
to map the species eomposition, size and
distribution ol'marine turtle breeding populations
in Queensland. At that time it beeame apparent
that there was a lack of fundamental information
required to effeetively manage a marine turtle
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population in the face of largc seale harvesting
and guarantee its long term continuity. During the
period 1979-1985, the Queensland Turtle
Research Project undertook the developiment of
new methodologics to address marine turtle
population dynamics. These included: tagging
methodology to enable turtles to be recognised
over decades rather than a few years (Limpus,
1992a); capturing techniques for studying the
turtles in their home feeding areas (Limpus &
Read, 1985a); methodologies for sexing and
assessing the reproductive status of turtles in their
feeding areas (Limpus, 1992b); genetics research
to determine methods of recognising the dis-
tribution and number of genetically discrete
breeding units within our C. mydas hcrds
(Norman et al., 1994a); and mark-rccapture
studies to provide thc quantified life table
paramcters including fecundity, growth data,
survivorship and rceruitment, (Limpus &
Chaloupka, 1997; Chaloupka & Limpus, 2002)
that are necessary for developing good models
for describing marine turtle population dynamics
(Chaloupka & Limpus, 1996; Chaloupka, 2002).

This latter issue of understanding population
dynamics is vital if we are to manage our turtle
herds on a sustainable basis in the face of large
seale mortality from harvest and other sourccs.

Rccognising the potential threats to the con-
servation of the GBR C. mydas breeding
populations poscd by large scale harvesting
within the Australasian region, QPWS placed a
priority on studies of C. mydas in 1985. An
integrated set of field studies was devcloped,
bringing together a team of rescarchers with
diverse skills, to investigate the population
_dynamics of eastcrn Australian green turtles. The
study commenced in 1986 and became fully
operational in 1987. At the core of the study has
becn the simultaneous study of C. mydas at each
of its three eastern Australian rookery regions
and at a series of feeding areas distributed
throughout eastern Australia.

For logistical considerations, Hcron Island
within the southern GBR nesting area was
selected as the primary study site for in-depth
research of the reproductive biology of C. mydas.
Access to the major nesting beaches of the
northern GBR has been more difficult because of
the remotencss of Rainc Island and Moulter Cay
and large expense associated with maintaining
on-site studies there. Thercfore, studies at Raine
Island were planned as short term sampling
studies rather than total season tagging census
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studies with an emphasis on quantifying those
parameters considered to have unique values for
Raine Island. It was also recognised that results
of past intensc studies from Bramble Cay in the
extreme northern GBR would supplemcnt results
for the Rainc Island arca.

It is in the context of this complcx mosaic of
diverse, yet complementary investigations, that
the present study of the C. mydas nesting
population at Raine Island and adjacent rookeries
is presented. 1t is part of a planncd, long-term,
integrated regional study of green turtles in the
Australasian region designed to providc sound
information that ean assist in improving the
conservation management of C. mydas.

METHODS

Data for this study was drawn from the
historical and published accounts of Raine
Island, from the results of intervicws with
fishermen and others who visited the island in
recent years and from field studies undertaken at
Raine Island in the period 1974 to February 2002.
While the principal emphasis will be on Raine
Island and its turtle population, the green turtlc
populations at Moulter Cay and the other islands
in the northern Great Barrier Rcef will also be
considered.

SPECIES IDENTIFICATION. Turtle species
identification was made from the available keys
(Bustard, 1972 and Cogger & Lindner, 1969).
Thesc data have becn modified into the ficld key
used in the QPWS Queensland Turtle Rescarch
(QTR) Projeet (Limpus, 1992¢).

TAGGING. Table 1 summarises the types of tags
and their positions of application used in the
present study. All tags were sclf-piercing
self-locking flipper tags, serially numbered with
a return address on the opposite side to the
number. Monel tags: National Band and Tag
Company, Kentucky; style 1005, #49 and #19;
weight = 7g. Three series of monel tags were
used, each being identified by the prefix to the tag
number (Table 1). Titanium tags: Stockbrands
Company Pty Ltd, Western Australia; #standard;
weight = 4g, commercially pure titanium, grade
125. Imm thick. Thesc titanium tags havc a
locking mechanism resembling that of the monel
tag style 1005 #19. Return address was to Queens-
land Parks and Wildlife Service. All titanium tags
carry a T, | or K prefix to the tag number.

Tags have been applied to various positions on
the trailing edge of the front flippers. Standard
tagging positions (Limpus, 1992a) have becn
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TABLE 1. Summary of tag designs, return addresscs,
tagging positions and the number of tags applied per
turtle. See Limpus (1992a) for further definitions. *
Recaptured turtles from previous seasons or other
studies were double tagged L3 and R3.

e

Mctal type iNo. tags per |

seri Tﬂggi—ng_ Retun
28 series or style female | position address
No prefix | Monel #49 1 L1 Applicd
Ecology
— I Pyltd |
A prefix Monel #49 2 L1 &Rl Applied
Ecology
— Pyl
X prefix QPWS
Under | Monel #49 1 iLil i
X35000 T
1 L3 after
July 1978
Above [ nqonu 410 .
X35000 | 1O l L3 after
i 1979
refix, itanium 1*
K prefix - L QPWS J

coded as follows: L = Icft front flipper; R = right
front flipper; | =tag applicd immediately distal to
phalange 5 (after Bustard, 1968); 3 =1ag applied
through or adjacent to the most proximal axillary
scale (= axillary tagging scale, Limpus & Reed,
1985a). Thus a tag can be described as having
being applied at the L1, L3, R1 or R3 position.

COUNTING TURTLES. Counts or indices of the
number of turtles ashore per night were
established 1n one of the following ways:

a) Tally count. An instantancous count of all
turtles was conducted by several persons walking
linc abreast across the beach, for one circuit of the
island between 2000-2300hr (a tally count
usually took 40-60min. to complete). Counts
commenced at least onc hour after turtlcs had
swimming access (o the nesting beach across the
recf llat after dark. During the summer nesting
season the tides are such that on most of thc
nights, the majority of the turtles for the night will
have beached within a few hours of darkncss. A
green turtle rarely lays and rcturns to the water in
less than 3hr on the beach.

b) Tagging ccnsus. A count of all turtles ashorc
for the night based on tagging records. This was
only attempted during periods of low density
nesting (<400 females ashore per night).

¢) Track count. A count of all turtle tracks for the
night by species, based on a count just after dawn
of the tracks that start below the previous nights
high tide mark. Each track equals an ‘emergence’
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and a ‘rcturn’ component. This mcthod has only
been applicable on nights with a low density of
turtles. At Raine Island, if there is an error it will
usually involve somc under-cstimation. At
localities visited for a single day only, tracks
accumulated over scveral nights may be
indistinguishable, resulting in the potential for
overestimates.

d) Stepping indcx. Commencing with the Raine
Island during the 1987 summer expedition, the
opportunity was taken to evaluate nesting density
equivalents to old reports from fishermen who
spoke of having walked across the backs of many
nesting turtles without having to step down onto
the sand. When dcnse aggregations of nesting
turtles were encountered on Raine Island beach
between 2100-2400hrs. an agile average sized
person stepped from turtle to turtle for as many
steps as possiblc without stepping onto the beach.
The number of turtles stcpped on is defined as the
stepping index of the nesting density. This was
repeated at several places around the island on
each night. It was not attempted on nights with
rain when the carapaces were slippery.

MEASUREMENTS OF TURTLES, EGGS
AND NESTS. The adult turtles werc measured as
follows. Curved carapace measuremcnts werc
taken with flexiblc fibre-glass tape measurc
(£0.5cm prior to 1983; +0.lem thercaf‘ter)
stretched tightly from edge to edge. Straight
carapacc imeasurciments were taken with a stecl
tape mecasure (£0.1cm) and large wooden
dividers with recurved cnds. Mcasuremcqts_of
standard length were madc along the midline
from the anterior skin-carapace junction to the
apex of the posterior midline notch between the
supracaudal scutes (curved and straight carapace
length=CCL and SCL. respectively). Width was
measured at the widest part of the carapacc
(curved and straight carapace width = CCW and
SCW, respectively). These measurcments
correspond to thosc used in other major studies of
marinc turtles in Australia (Limpus, 1971;
Bustard, 1972: Limpus etal., I983a.b,‘l98_4a). To
allow for comparison with turtle studies in other
arcas, adults were also measured for the standa(d
length mecasurcment used by Professor Archie
Carr. i.c. from the most anterior projection of the
carapacc over the shoulder to the tip of thc most
posterior projection of the carapace (= Carr’s
straight carapace length [CSCL] [Carr and Ogren
1960]; this is not a midline measurement). Adult
turtles werc weighed on Salter dial balances
(+0.5kg). Females were weighed after completion

of oviposition.
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Clutches werc counted and eggs measurcd
within 2 hours of being laid and with a minimum
of rotation and vibration of the eggs (Limpus et
al., 1979; Parmenter, 1980a). Eggs and hatch-
lings were mcasured for mean diamcter and
straight carapace length, respectively, with
vernier slide callipers (+0.01cm) and weighed on
Pesola spring balances (£0.5g). No more than 10
eggs or hatchlings were measured per clutch. The
emergencce success of a clutch was assessed by
excavation of the nest and recording the fate of
the eggs by six classes: undevcloped = egg
contained no obvious embryo (< Stage 17 of
Miller, 1985); unhatched = cgg contained a
recognisable cmbryo (>stage 17 of Millcr, 1985):
predatcd = egg broken by crab; dcad in nest =
hatchling died after hatching. but below the
beach surfacc: live in nest = hatchling was alive,
but had not emerged from the nest (groups of live
hatchlings just below the surface and not tangled
in vegetation were counted as having emerged);
cmerged = hatchlings which successfully
hatched and escaped from the nest to the beach
surface (Limpus et al., 1983a,b).

Nest depths were measured with a fibreglass
tape mcasure (£0.5cm) from the beach surfacc to
the top of the upper most cgg and to the bottom of
the egg chamber (sinsu Bustard & Greenham,
1969).

Sand temperature was measured with a
mercury-in-glass thermometer (£0.5°C) inscrted
horizontally into thc sand 50cm bclow the
surface. Corc body tempcratures of nesting
turtles were measurcd by the Mrosovsky &
Pritchard (1971) method. This required catching
an egg immediatcly as it was oviposited and
inserting a quick reading mercury-in-glass
thermometer into the middle of the yolk,

NESTING SUCCESS AND CLUTCH
DESTRUCTION. Two methods werc used for
estimating nesting succcss, here defined as the
proportion of fcmalcs ashore for the night that lay
a clutch.

a) Following individual turtles. Nesting turtles
wcre selected at random as they came ashore on
the western cnd of the island at night and were
followed until they returned to the sea. Their
nesting success was recorded. This method of
measurciment was time consuming, as it required
a person committed to maintain observation of an
individual turtle, irrespective of how long it was
ashorc. Usually only onc turtle could be followed
on any one night. Each turtle had to be followcd at
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such a distance that she did not rcspond to the
obscrver’s presence.

b) Using fixed sampling sitcs. Standard study
sites were chosen on opposite sides of the island.
Unless otherwisc stated, each site was 100m in
length and extended from the water line to the
cliff line. On selccted nights, within one or both
of these sampling sites, a count was made of the
numbcr of turtles which entercd the sampling sitc
from across the waterling, the number of clutches
laid within thc arca by these turtles, and the
number of cxisting clutches that were dug into by
the nesting turtles. Each data set required onc
person monitoring a sampling site for approx-
imately 14hr continuously commencing at about
1600hr. Two rate paramcters can be calculated
from these data: nesting success (NS) and clutch
disturbance (CD) by nesting turtles.

NS = Number of clutches laid / total number of
turtles cntering arca

Nesting success was calculated on the number
of turtles crossing the high watcr linc on the
assumption that lateral movements into and out
of the sampling sites along the beach by turtles
attcmpting to nest are approximately random and
will cancel each other.

CD = Numbecr of existing clutches disturbed /
Number of ncw clutches laid.

When a turtle was found digging into an
existing clutch, irrespective of where it was on
the island, the number of cggs dug from the ncst
was counted. These counts provide a measurc of
the egg mortality per clutch disturbed (EMpDC)
by nesting females. When compared to the mean
clutch count for the rookery, this egg destruction
can be expressed as the proportion of a clutch
destroyed per clutch laid (clutch equivalent egg
mortality = CEEM) CEEM = EMpDC x CD/
mecan clutch count.

ESTIMATION OF THE SIZE OF THE
ANNUAL NESTING POPULATION.

Petersen Estimate. If a sample of the turtles
ashore on Raine Island at night is marked so that
they can be rccognised in the water over the
following days, and if thec marked turtles are
uniformly distributcd among thc unmarked
turtles in the waters surrounding Raine Island,
then mark-recapture data can be analyscd using
the Peterscn cstimate with Bailcy's correction
(Caughley, 1977) to providc an estimate of the
number of adult green turtles in the waters
surrounding Rainc Island at that time.

In a population wherc M animals arc marked
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out of a total population of N animals and m
marked animals are recaptured in a subscquent
sampling of n animals:

N = M(n+1)/ (m+1)

This estimate has a formal standard crror of
approximately:

SE = [M*(n+1)(n-m) / (m+1)}(m+2)]'"?

The principal assumptions made in using this
method are: 1) the marked turtles are uniformly
distributcd among the unmarked turtles that form
the Rane Island breeding assemblage within the
interncsting habitat on that day: 2) there is a
negligible rate of loss of the mark between
marking and rccapture; 3) the marks are casily
seen on the swimming turtle; 4) all the females
aggregated on Raine Island Recef arc there to
brecd i.c. .thcre are insignificant residcnt
non-brecding female and immature male
populations on Raine Island Reef; 5) there is
equal probability of thc tagged and untagged
turtles moving outsidc the sampling arca; and 6)
there is ncgligiblc mortality of the adult turtles
during the sampling pcriod.

Two methods have been uscd to mark the Raine
Island nesting turtles for mark recapture studies.

1) Standard turtle tags. Within a study trip, aftcr
sevcral nights of tagging the nesting females on
the beach, a scarch of scctions of the surrounding
Raine Island Recf was made to locate, count ang
visually check females for the presence or
absencc of a tag. Only thosc females checked
werc countcd. Thosc seen in the distance but not
checked were excluded from calculations. Monel
tags applied to the L1 or RI tagging positions
(towards the distal ends of the front flippers) were
rcadily visible on a swimming turtle. In 1979 the
place of application of the mctal tags was
changed to the axillary area of the trailing cdge of
the front flippers (L3 or R3 tagging positions) to
improve tag retention. This axillary tag
placement resulted in a reduced visibility of the
metal tag on the swimming turtle, cspecially for
those not viewed at very close range. The poor
retention rate of monel tags (Limpus, 1992a)
made it unlikely that there was a significant
proportion of remigrant turtles that would be
counted in the internesting habitat as part of n but
which wcre not part of M.

2) Paint marks on the carapace. Commercially
available paint was usc to mark the dry carapace
of nesting turtles on Rainc Island at night. Paint
marks were at least 10cm long, applied by a
2.5cm wide brush or by a pressure pack can, were
applied to the dry carapacc of nesting turtlcs on
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Raine Island at night. Oil based enamel paints
were used initially. Commencing in 1995, the
paint used to mark the turtles was changed to
white Wattyl Airpave™ (504-40100.
BN:-451695-09) paint applicd as single stripes
with 5.0cm wide brushes. On the first night of
painting. the stripes werc longitudinal along the
midline, on the posterior half of the carapace. If
turtlcs were painted on a sccond night in the same
trip, those marks were transversc stripes on the
postcrior half of the carapacc. A turtle was
sclected for painting if: the carapacc was dry: the
carapace did not have a thick coating of algae;
and the wrtle was inland of the beach crest, and
well within the ncsting habitat. When applied in
these conditions, thc paint was observed to
adhere well to the carapace surfacc for at least
48hr (enamel paint) or 96hr (Airpave). Using this
marking system, the goal was to paint-mark as
many turtlcs as possible on the island in a single
night. A scarch was made for marked turtles
among the turtles in the waters surrounding the
island on subscquent days. Turtlcs seen wcre
recordcd by species and tail length. Those with
long tails werc scored as male, adult-sized short
tailed turtles werc scored as presumed adult
female and those smaller than adult female (CCL
<90cm for C. mydas; CCL <75cm for £.
imbricata) were scored as immature (Limpus &
Reed, 1985a; Limpus, 1992b). Counts were made
of those femalcs for which the presence/absence
of the tag/paint mark could be definitcly established.

Two types of in-watcr searches were made for
the turtles.

1) Diving transccts. Transeets using SCUBA, or
snorkel. werc swum along the reefcdge above the
10m depth terracc. Written records were kept on
waterproof paper. During a diving transcct, two
persons were in the water, one counting and one
on the lookout for sharks. The lookout carried a
hand spcar for warding off sharks and the
recorder carried a line attached to a buoy at the
surfacc. A third person maintaincd a dinghy
adjacent to the buoy for rapid rctricval of the
divers from the water, if required.

2) Spcedboat transects. On days with c!ear,
relatively calm water, transcets were driven
across the reef flat at the upper part of the tidal
cycle and along the outcr edge of the reef in
scarch of turtles, using an outboard powered
dinghy. By driving adjacent to thc swimming
wrtle, it was possible to scorc it by species/
size/scx/mark prescncc. A minimum of two
persons were rcquired in the spcedboat, one
rccording and the other driving and counting. The
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acceleration capability of the speedboat was
vital. The boat had to be able to accelerate quickly
to reach the turtle before its swimming disturbed
others nearby, or before it escaped to deep water.
Boats about 4-5m in length, powered with a
40-60HP outboard motor were best suited to this
use in shallow water. Conventional 3.5m
aluminium dinghies and inflatable dinghies fitted
with 10-15HP outboard motors proved unsuited
to the task.

In high dcnsity ncsting scasons, it was im-
possible to obtain an absolute measure of the
nightly number of females emerging on Raine
Island, so the mean nightly tally count has been
used in licu of the number of turtles emerging per
night. This under-estimates the actual number of

turtles emerging nightly.

MORTALITY STUDIES. The number of dcad
and moribund turtles at each studied rookery was
recorded on arrival. Subscquent adult mortality,
particularly on Raine Island, was recorded daily.
Previously encountered careasses were identified
by flagging them with coloured surveying tape or
by paint marks. Moribund turtles were rescued
where possible, especially those that had fallen
onto their backs. These rescued turtlcs were counted
as mortalities for the purposes of the study.

In December 1989, a group of turtles that had
remained on the beach until at least mid-morning,
and were in a location where all such turtles died
naturally of heat exhaustion werc selccled for
detailed study. Changes in core body temp-
eraturcs of these moribund turtlcs was asscsscd
by inserting a cannula through the inguinal
pocket anteriodorsally, to the movement arch of
the hind leg (as is done during laparoscopic
examination of turtles). The cannula provided
access (o the abdominal cavity and allowed a
thermometer probe. attached to a 50em rod, to be
inserted to lic above the gut and ventral to the
lungs just posterior to the heart. The lead and
readout unit were taped to the carapace and the
turtles were allowed to move undisturbed on the
beach until they died. Temperatures were read at
half hourly intervals. Necropsies of these turtles
confirmed the correet placement of the probes,
and that no damage had been done to organs or
blood vessels. The inscrtion of the probes did not
contribute to the death of the turtles.

The daily census of dead and moribund turtlcs
was conducted between 1500 and 1900hr. On
occasion, freshly dead turtles were necropsied to
assess oviducal contents and ovarian condition.
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TABLE 2. Circumference of sand islands used by
green turtles for nesting in the Far Northern Great
Barrier reef. Circumference was measured at
approximately mean high water spring tide level

using a pedomcter.
== = =

|

Island _Date | Cireumference

, Raine Island 1977 Dec 1799m
1978 Dec 1764m
1980Jun | 1808m
Moulter Cay 1976 Dee T 1179m
1977 Dee 1138m
_ Maclennan Cay | 1978 Nov 88Sm
l[ No. 7 Sandbank_ 1976 Nov 1755m
_ No. 8 Sandbank 1976 Nov 1816m

Bramble Cay 1977 Dee 748m ]

In December 1989 the core body temperature of
some dead turtles was measured during neeroscopy.

RECRUITMENT RATE STUDIES. We have
introduced a new method for marinc turtle studies
for quantifying recruitment of new adults into the
breeding population. Traditionally, recruitment
of ncw adults into the breeding population has
used long term total tagging census to identify all
turtles with a past breeding history. After a total
tagging census at a nesting beach that spans
several mean rcmigration intervals, turtles that
have not been previously tagged are identified as
new recruit (Hughcs, 1989; Richardson &
Richardson, 1982; Limpus, 1985; Limpus et al.,
1984b; Parmenter & Limpus, 1995). This has
been an inappropriate method for the Raine
Island population given the diflicultics in tagging
the entirc nesting population, even in a single
year. Within foraging arca studics in castern
Australia, marine turtles have been assessed for
recruiting into the adult breeding population
using ovarian features, in particular scoring for
the presence or absence of eorpora albicantia. A
corpus albicantium is a healed corpus luteum and
a corpus luteum is formed by the rclease
(ovulation) of a mature follicle from the ovary.
The presence of corpora albicantia indicates that
a female has bred in a past nesting season.
Similarly the absenec of corpora albicantia on the
ovaries of a female with ovidueal eggs indicatcs
that she has not bred in a past brecding season and
that she is in her first breeding season. Therefore
the absenec of corpora albicantia in the ovaries of
females that have reeently ovulated can be used
to identify those females that are new reeruits to
the breeding population (Limpus & Limpus, 2003).
Ovarigs were examined by direet examination
via necropsy of nesting females that had freshly
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died on the nesting beach or by endoscopy
(Limpus & Reed, 1985b; Limpus et al., 1994c).
For endoscopy of the breeding female, it was
necessary to cxamine females ashore as they
completed the laying of a clutch. Otherwise the
presence of oviducal eggs made it very difficult
to view the surface ofthe ovary clearly. Limpus &
Limpus (2003) provide a key for scoring sex,
maturity, breeding status and reeruitment from
gonad examination.

GENETIC STUDIES. Tissue samples were
collected for genctic research in a variety of
ways. Non-sibling hatchlings were sampled by
collecting one hatchling per clutch from elutehes
which emerged within a two week period at any
given rookery (Norman et al., 1994a). This
ensured that no more than a single hatehling was
sampled from any one female within the breeding
season. To ensure that individual adult turtles
were sampled only onee, adult turtles with unique
tag numbers were sampled for either musele,
blood or skin (Norman et al., 1994b; FitzZSimmons
etal., 1995). The methods for genetic analysis arc
described in these separate papers.

RESTRICTIONS ON STUDIES AT RAINE
ISLAND. Raine Island and the adjacent islands
have proven to be logistically difficult for long
term and exrended period study due to
remoteness. The number of personnel that ean be
deployed on the island for the turtle studies has
been limited beeause of the need to minimise
disturbance to the nesting colonies of sea birds
that Raine Island supports.

The first trips to Raine Island for this study
were opportunist. The Queensland Parks and
Wildlife Service (QPWS) study was supported in
part by research grants from the Australian
National Parks and Wildlife Service during
1976-1979. In 1977 and 1978 the expeditions to
Raine Island were supported by Applied Ecology
Pty Ltd (AE) who provided a vessel to visit the
island. In 1979 with the aid of a WWF grant a
study of seas birds at Raine Island was com-
menced and one turtle researcher was able to
accompany the bird study group. In 1981 the
Raine Island Corporation became responsible for
the conservation of Raine Island and commenced
funding research expeditions to Raine Island.
From 1981 to 1985 the Raine Island Corporation
chose to place an emphasis on sea bird studies
and the turtle research team was limited to one
person on the island in any one trip except during
December 1984, when 2 persons were present for
the turtle studies. The sea bird research team
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assisted with turtle tally counts and incidentally
with the other aspeets of the study. Since 1985 the
Raine Island Corporation has reduced its
emphasis on sea bird studies at Raine Island and
has funded the summer expeditions primarily for
the turtle research with teams of 4-5 persons per
trip. To maximise the data gathered on a trip,
small numbers of other islands were surveyed for
marine turtle nesting during transit to and from
raine Island. Thus from 1975-1989, the majority
of the islands between Princess Charlotte Bay
and Cape York were surveyed at least once.
These data provided a measure of the regional
distribution of marine turtle nesting by species.

CLIMATE DATA. Regional rainfall and
temperature data from the three long-term Coral
Sea weather stations nearest to Rainc Island
(Torres Strait, Willis Island and Lockhardt River)
were obtained from the Australian Bureau of
Meteorology.

STUDY AREA

RAINE ISLAND. Raine Island (11°36°S,
144°01°E) is a coral cay on the leeward north-
western end of a small detached reef on the outer
edge of the northern GBR (Fig. 1). The island 18
approximately 80km offshore from the mainland,
north east of Cape Grenville. Raine Island Reef
lies in the castern approaches at the Raine Island
Entrance, a deep water passage through the outer
barricr reef. The reef rises abruptly out of deep
water with near precipitous cliffs to a narrow
terrace at approximately 8m depth and is topped
by an approximately uniform height reef flat that
dries at the lower tidal ranges.

Raine Island, as deseribed in recent times
(Warham, 1977; Stoddart et _al., 1981;‘K1ng,
1986), approximates to the island as 1t was
described in 1843 (Jukes, 1847). The island 1s
approximately 1800m in circul}lfcrence at the
mean high water spring (HWS) tide level (Fig. 2,
Table 2). The beach substratc 1s a white caleium
carbonate sand composed of mostly fragmented
coral and molluse and foraminiferan skeletons (=
star sand). Turtle and sea bird bones arc obvious
but at low density within this sand. The beach
width measured from the high tide line to the low
cliff line of the central rock platform varies from
approximately 15m near the beacon to 90m on
the southern side. Storms wash over the outer
beach rim to flood the beach depression, as
indicated by accumulated pumice in the floor of

this depression.
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FIG. 1. Raine Island lies on the north-western end of Raine Island Reef. This small detached reef outside the main outer
barrier reef marks the eastern boundary of the Raine Island Entrance. (8 April 1980). A, Raine Island and its reef,
viewed looking north. B, this view of Raine Island shows a reduced beach vegetation eover outside the cliff line.

The island is devoid of trees. The inland
portion of the beach is covcred by grasses and
herbs that vary in density and extcnt from ycar to
year (Fig. 3). In breeding seasons with high density
turtle nesting, thc beach can be completcly
dug-over almost nightly and, as a rcsult, can bc
csscntially devoid of surfacc vegetation, e.g.
following thc 1974, 1984 and 1996 breeding
seasons (Fig. 3A,F). Following such dense nesting
seasons, thc surfacc vcgctation regenerates
during and following the wct season, in the early
to mid year. In a low density breeding scason,
therc may be little disturbance to thc beach
vegetation (Fig. 3C) and it may be up to 0.5m
high and extend over a half of thc beach width at
the commencement of thc wet season. On all
visits, the beach surface was uneven and cratered
with turtle body pits of varying age.

The typical watcr linc to cliff tracsect on the
island, demonstratcs a beach crest as an
unvegetated outer ridge approximately 1 m
above the mean HWS tide levcl. From this ridge
the beach slopes downward into a depression
before again rising to the basc of the cliff linc
edging the central rock platform. The beach
depression encircles the island exccept for a
narrow rocky area adjacent to the tower. The
floor of the beach depression can be up to 1 m
below the outer beach ridge (i.e. atapproximately
the same horizontal level as the mcan HWS tide)
and slopes upwards in the scaward dircction by as
much as 13°.

The cliff line around the central rock platform
(Figs 3, 4) ranged 1-2m in height and was usually
a barrier to turtles climbing from the beach onto
the surface of the central platform. At times,
ncsting turtles at the base of the cliff threw up
sand rampways that provided temporary access
onto the central platform by other nesting turtles.

The position of thc ramps constantly changed in
high density ncsting seasons as turtles dug away
somc ramps and formed others. These ramps
provided access to the raised surface of the rock
platform, cspecially in ycars of high density turtle
nesting. This resulted in digging turtlcs crcating
patches of disturbed vegetation and bare sand on
the adjacent rock platform surface adjacent to
natural ramps (Fig. 3A). From time to timc,
ncsting turtles would also undcrmine sections of
the cliff to form small caves under the edge of the
central platform.

The central rock platform consists of a cemented
phosphatic limestonc and has an approximatcly
horizontal upper surface approximatcly 2m
abovc the HWS tide level. A vegetated sand ridge
of unccmented calcarcous sand, rising to a
variable hcight up to approximatcly Sm abovc
HWS tide level and covered with grass and herbs,
rims the rock platform and surrounds the central
depression (Fig. 2). The floor of the central
depression is the upper surfacc of the phosphatic
limestone platform and has been modified by past
guano mining.

MOULTER CAY. Moulter Cay, formerly called
Pandora Cay (11°27°S, 144°00°E) (Fig. SA),is a
vegetated sand cay on the extreme outer barricr of
the Great Barrier Rcef, lying 14.5km north of
Raine Island about 82km from the mainland coast
at Cape Grenville (King etal., 1983b). The istand
measurcd approximately 1150m in circum-
ference at the HWS tide level (Table 2). The
calcarcous sand bcach was of very similar
composition to that of Raine Island. The istand
had an outcr unvegetated and an inner vegetated
portion similar in width, elevation and
topography to that of Raine Island. The small
central rock platform of phosphatic limcstone is
partially bordcred by a low cliff less than 1 m high
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FIG 2. Map of Raine Island, prepared by the late Brian King, showing the 100m interval grid lines. Study sites, 100m
wide, for quantifying nesting sueeess and elutch disturbanee are designated by letters A to E.

atitsmaximum. As arcsult of this incompletc and
low clevation cliff, no part of this island is
protected from nesting turtle incursion. Inthe less
dense turtle nesting scasons and following the
wet season, the roek platform and the inner beach
area has by a grass and hcrb coverage to
approximatcly 0.5m high. There have been no
trees cstablished on this island in historic times.

MACLENNAN CAY. Maclennan Cay (11°22°S,
143°48°E) is a very small vegetated sand cay ona
small recf inside the outer barrier of the GBR
32km northwest of Raine Island (King et al.,
1983a) (Fig. 5B, Table 2). Its eclevation is
approximately 0.5m above the mcan HWS tidc
level. The sand substratc of the island resemblcs
that of Raine Island and Moulter Cay but there is
no central rock platform. It is sparsely vegetated
with grass and herbs and does not have
established trees. The island is frequently washed
over by storm surges.

NO.7 SANDBANK. No.7 Sandbank (13°27°S,
143°59°E) is a small unvegetated sand cay on the
extreme outcr barricr of the Great Barrier Reef
apprommately 37km east of thc mainland at Cape
Sidmouth and 7km south southeast of No.8
Sandbank (King & Limpus, 1983) (Fig. 5C.
Table 2). The beach is composed of uncemented
calcarcous sand rising to less than 1m above
HWS. The island does not have a central rock
platform, The island has been dcvoid of trees
during historieal times.

NO.8 SANDBANK. No.8 Sandbank (13°22°S,
143°58°E) is a small vegetated sand cay on the
extreme outer barrier of the Great Barricr Reef
approximately 35km cast of the mainland at Cape
Sidmouth (King et al., 1983¢) (Fig. 5C, Table 2).
As with No.7 Sandbank, the beach is composed
of uncemented calcareous sand rising to
approximately 1m above HWS. There is no
central rock platform on the island. The eentral
portion of the island is covered with grass and
herbsand the island has becen devoid of trees
during historical timcs.

GENERAL OBSERVATIONS ON THE OUTER
BARRIER CAYS.

Trees. Seedling trees naturally germinated from
beachwashed seeds (including Barringtonia
asiatica, Cocos nucifera and Nypa fruticans)
(Fig. 6) were found on the outer beach rim of
Moulter Cay in December 1977 and Raine Island
in Deccmber 1978, By December these scedlings
were stressed and dying in the dry substrate of the
outer beach rim. In most summecrs nesting turtles
destroy any surviving plants on the outer bcach
rim of thesc islands. Any young tree that survived
the digging of the nesting turtles would be used
by perehing sea birds and probably killed as a
result.

Although Rainc Island has been devoid of
naturally occurring trees, some have been planted
at various times by erews of passing boats,
commencing with the visit of HMS Fly (Jukes,
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FIG 3. Annual fluctuations in beach vegetation cover of Raine Island. Southern beach looking towards the beacon. A,
1974-75 breeding season, 1 March 1975. The beach is almost totally devoid of vegetation. Adjacent 10 sand
rampways that gave access to the top of the rock platform for nesting turtles, the vegetation above the cliff linc is also
greatly reduced. B, 1976-77 breeding season. 3 December 1976. C, 1977-78 breeding season, 5 December 1977. This
view illustrates the low level of disturbance of beach vegetation that ean oceur in years of very low density turtle
nesting. D, 1978-79 breeding season, 2 December 1978. The same log is in the foreground as in B. E, 1980-81
breeding season, S December 1980. F, 1984-85 breeding scason, 19 December 1984. This view illustrates the
extreme level of disturbanee of beach vegetation that ean oceur in years of very high density turtle nesting.

1847). The BBC documentary Zoo Quest: The
Birds of Paradise II. Raine Island documents one
such planting in July 1957. These trecs have not
survived in the long term. On the last occasion,
six eoconut palms (Cocos nucifera) were planted
on the western sand dune of the central rock
platform during 1980. Since 1976, any coconut

trees found planted on thesc islands have been
removed by QPWS staff.

Vertebrates. Therc arc fcw specics of animals
resident on these islands that have an impaet on
the marinc turtles. These outcr barrier cays
support no native tcrrestrial mammalian or
reptilian inhabitants, exccpt for Bramble Cay
which supports a gecko and an endemic native
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FIG 4. Margin to the phosphatic limestone platform,
Raine [sland adjacent to the beacon where the rock
platform had a well defined cliff margin.

‘rodenl, Melomys rubicola. This is a small herb-
ivorous rat that does not prey on turtle hatchling
or their eggs (Limpus et al., 1983d). The gecko is
Hemidactylus frenatus, a small insectivorous
lizard that was probably introduced with the
building materials or food parcels supplicd to
Bramblc Cay during the 1970s when it was a
research study sitc and egg collection site for the
Torres Strait turtlc farms. Goats were released
onto Raine Island in thc 1840s but disappeared
from the island somctime latc last ccntury
(Stoddart et al., 1931).

The extensive avifauna of these outer barrier
coral cays has been reviewed in recent years:
Raine Island (King, 1986), Moulter Cay (King ct
al., 1983b), Maclennan Cay (King ct al., 1983a),
No.8 Sandbapk (King et al., 1983c), No.7
Sandbank (King & Limpus, 1983). However,
most of thc sea bird speeics, and in particular
those that occur in very high density are not
predators of the turtles. Observations of bird
predation of the turtle hatchlings will be
discussed in the scction dealing with hatchling
predation.

An estuarine crocodile, Crocodvlus porosus,
was observed at Raine Island on onc occasion; it
is commonly secn in low numbers on the inner
shelf islands (Limpus, 1980c¢) and has been
recorded preying on marinc turtlcs clsewhere
(Limpus ct al., 1983b).

Inver.tebrates. Terrestrial crabs, all of which
recruit to the islands from aquatic larval stages,
have been scarcc on Raine Island. Two species of
ghost crab, Ocvpode cordimana and O.
ceratophthalma, occur at low density. Thesc
specics occur on almost all islands in this area and
have been recorded preying on turtle hatchlings
and eggs. O. pallidula was collccted from No.8
Sandbank. Two spccics of terrestrial hermit crab
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occur on these outer barrier recf cays. Coenobita
rugosus, has been found at low density on Raine
Island, Moulter Cay and No.§ Sandbank and in
high density on No.7 Sandbank. The larger reddish
coloured species, C. perlatus has been particularly
abundant on No.7 Sandbank. Thcse Coenobita
spp. have not been observed interacting with the
turtle hatchlings or cggs although C. periatus is
largc enough to prcy on hatchling turtles.

Oligochaete worms werc rccorded among
hatched and unhatched eggs in nests at Raine
Island in January 1997, December 1999 and
December 2001. Specimens (N39131) collected
29 January 1983 by B. King were lodged with the
Queensland Muscum.

Climate Data. The north-western Coral Sea
regional climate recorded at the three Bureau of
Mecteorology weather stations in closest
proximity to Raine Island is characterised by
rclatively uniform maximum and minimum air
temperaturcs year round. The warmer months
coincide with a distinct summer wet season from
December to April (Fig. 7). Mcan monthly daily
air temperatures are above 25°C year round and
the mcan monthly maximum air temperature did
not excecd 35°C.

£astern Australia and the Coral Sca region are
subject to considcrable variability in annual
climate. This is illustratcd by the vanability in the
monthly Southern Oscillation Index (SOI) (Fig.
8). Region rainfall. which has impacts on marine
turtle nesting (Limpus et al., 2001), is under the
influcnce of the regional climate fluctuations.
Periods with a negative Southcrn Oscillation
Index (SOI) are usually characterised by low
rainfall while positive values are usually
associatcd with elevated rainfall levels
(Couper-Johnston, 2000). Examination of SOI
fluctuations over the last 31 summers (Fig. 8)
indicates that during the last six summers
(since1996) therc has been an atypical scquence
of wet scasons. Indecd, based on positive SOI
values, Raine Island since 1996 should have been
cxposcd to 5 of the 6 wettest summers in the last
25yr (Figs 7, 8). It has been during this same
period that flooding of the nesting habitat has
become an obvious and regular event at these
northern GBR rookeries. Photographs (Fig.
9A,B) demonstrate clcarly that the water table
can rise higher than the depth at which the turtle
cggs have been laid. At this time wc are not
prepared to speculatc as to whether this pattern of
more regular wet summers is the result of long
term climate fluctuation or of global warming
(Manton et al., 2001).
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HISTORICAL REVIEW OF PRE-1974
OBSERVATIONS OF TURTLES IN THE
RAINE ISLAND REGION

The Raine Island Entrance from the Coral Sea
through the Great Barrier Reef to Torres Strait
was the focus of considerable navigational
activity during the early to mid 19th Century.
This, along with the large green turtle and sca bird
populations assoeiated with the adjacent islands
(Raine Island and Moulter Cay) has resulted in
numerous visits to the region by early Australian
explorcrs, historians, sailors and naturalists. As a

FIG. 6. Secdling coconut palm, Cocos nucifera, growing

on 1he outer beach rim of Moulter Cay, 3 Deccmber
1977.
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FIG. 5. Other coral cays of the far northern Great Barricr
Reef. A, Moulter Cay, 8 April 1980. This vicw of the
island shows it with reduced beach vegetation ouiside
the cliff line. B, Maclennan Cay, 8 Apnl 1980. C, No.7
Sandbank (forcground) and No.8 Sandbank, 19
December 1984,

consequence there has been a considerable
volume of natural history writings and
observations on these islands.

Raine Island and adjaccnt Moulter Cay support
one of the few remaining large breeding
aggregations of Chelonia mydas in the world. In
most arcas where the species has bred in
abundance in the past, the breeding populations
have been greatly rcduced, or taken to extinction
by over harvesting at places such as Grand
Cayman Island, Bermuda and Rcunion Island
(Groombridge & Luxmore, 1989). The current
status of the turtle population that nests at Raine
[sland and Moulter Cay will be, in part, a function
of the past history of human utilisation of the
turtles and the islands. The following review of
marine turtle records from these islands provides
an historical context against which results of
recent rescarch can be compared and future
change assessed.

The Queensland Turtle Research Project
expanded to include systematic studies of the
Raine Island Chielonia mydas rookery during the
1974-1975 breeding season. This then has been
taken as the end point of the historical review of
marinc turtles in the Raine Island area. In this
review, information has been brought together
from diverse sources: published accounts of
visits to the islands, interviews with fishermen
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% 32 e, A and othcr visitors to the area,
= L e newspaper accounts of visits to the
] RS e e islands, and old photographs and
g P e documentaries. Together they contain
2 26 3 e P ST ! a considerable body of knowledge,
5 2 N i B e . spanning 131 years of turtles at Raine
S S h T s Island and Moulter Cay. Also high-
2 3 + olormls:MaxT e flonls:Min T * lighted are some past misconceptions
2 oy, ® Willis 1s: Max T ® Willis Is: Min T concerning marine turtle biology,
Ty ) Luckhar¢ R:Max T_4 Lockhart R: Min T including the belief that marine turtles
= JUL AUG SEP OCT NOV DEC JAN FEB MAR APR mav Juy  could be systematically exploited on a

grand scalc.
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£ oo 4 Emean since 1956 HISTORICAL REVIEW. Raing Island
§ oo 3 TINE1% B | was discovered by Thomas Raine on
£ owed the HMS Surry in 1815 (de Salis,
= Al g 1969). He did not land on the island
S 5009 ~32000-200 ' and no refercnee was made to turtles.
E 400 E «2001-2002 ] N Jukes (] 847: 130-131) provided the
= wan ' first description of Raine Island and its
S A, natural history during the visit by HMS
2" S , Fly on 29-30 July 1843. While the
G R T R T T e primary interest in the turtles was to
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N FEB MAR APRMAYJUN  5rovision the ship, Jukes provided
some interpretation of the behaviour of

E '233_ - the turtles at the’i‘s]and. They recorded
7 00 19961997 (ttorn) C a few turtle tracks on the beagh, but did
€ 0 ] TT9B e ) not capture any. Jukes was impressed
L e by the large numbers of dead turtles
= | O, and turtle bones on the island. He
g :zg: :;gﬁigol‘""“’ interpretation of the cause of their
. Wy g death was ‘that when fecble, from
= ) sickness or age, the turtles have come
s i here to die, and that those lying on their
z e = o 1., | backs had died in a vain attempt to

UL AUG. e e o e e e wRatiT crawl up the broken bank into the

TAR APR MAY JUN  iarior of the island’ (Jukes, 1847:
130).On 1 August 1843 he expressed a
similar interpretation of why large
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= g 1T numbers of turtles died at Moulter Cay
= | (s (Jukes, 1847: 131).

: 1000 ~ ——1998-1999

R, ] Rl As2000 HMS Fly and HMS Bramble
2 ey returned during 29 May - mid
gf -2001-2002 September 1844 with a labour foree of
= convicts to construct a navigation
E beacon on Raine Island (Jukps, 1847.).
£ The quarries dug during this
f construction work provided insights

JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY AN into the geology of the island and

FIG 7. North-western Coral Sea Regional climate data from b v of‘igssﬂbt;mle?)an(liturtle
Austmlxa_n Bureau of Meteorology stations. A, monthly minimum eggs In considerapic abun ance
and maximum air temperature data, Willis Island. B, monthly (Jukes, 1847). Based on his observ-
rainfall data from Lockhart River, NE Cape York Pcninsula. ations of the fossil turtle eggs m nests,
C, monthly rainfall data from Hom Island and Thursday Island (T1), Jukes eoncluded that the rock forming
Torres Strait. D, monthly rainfall data from Willis Island. the central elevated platform of Raine
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fallen on their backs while
endeavouring to ¢limb the low
rocky border of the island. He
makes no reference to
Dipterans assoeiated with the
turtle earecases, but notes the
presence of ‘scveral
neerophagous Coleoptera’.
Turtle bones were abundant
enough on the island for him
to note that ‘noddies, Anous
stolidus, used fragments of
turtle shell and turtle bones
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FIG. 8. Fluctuations in Southern Oscillation Index (SOI) over the 31
summers 1971 - 2001 (Bureau of Meteorology Australia, 2002). Summer
SOI values (November - February) are shown in black.

Island had not been formed underwater and
subsequently elevated.

MaeGillivray (1846: 1474-1478), the
naturalist on board HMS Rattlesnake, also visited
Raine Island at this time and commented on the
fossil turtle eggs in nests, eiting them as evidence
of the recent formation of this bed of sandstone
‘only a few feet thick’ where the rock for the
tower was quarried. MacGillivray (1846) also
made a number of original observations on the
biology of the nesting turtles. All turtles visiting
Raine Island and adjacent islands were ‘green’
turtles which eame to lay eggs, mostly at night.
During June to August. single turtles came ashore
at irregular intervals while the nesting density
inereased during September. He expressed
surprise at the number of dead turtles on their
backs which he interpreted as turtles that had
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among their nest building
material’. While he wrote that
hatehling turtles were “preyed
upon by various kinds of
seca-fowls, from the
frigate-bird down to the sooty
tern’, he only reported on one
observation of a ‘young turtle from the stomach
of a tern which had swallowed it entire’.

An immaturc hawksbill turtle, Erermochelys
imbricata, was presumably eolleeted during the
1844 visit by HMS Fly: British Museum
speeimen, register no. 46.7.27.6; immature with
curved carapace length = 35.5em; colleeted at
Raine Island and presented by Licut. Inee in July
1846 (A.F. Stimson in litt., 26 May 1977). This is
the Boulenger (1889) specimen 'w'.

The erew of the Heroine went ashore on Raine
Island on 28 January 1845 at daylight and
‘obtained fourteen large turtles, each averaging
four ewt.; also an immense number of eggs, and
the erew killed birds out of number’ (Mackenzie,
1845: 494).

F1G. 9. Raine Island during early December 1999 showing: A, the elevated water table level on the southern beach
platform; B, a perched water layer in the central depression (flooding at this level is not tidal).
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Sweatman (in Allen & Corris, 1977) was a
clerk on board HMS Bramble with a
responsibility for keeping records of provisions
for the ship throughout its voyages and, as a
result, his diary provides many guantified details
of thc occurrence of turtles. Crew members from
HMS Bramble werc on Raine Island during 28
April - 4 May 1845 when they caught 14 turtles.
One was a live turtle which had fallen into the
well necar the tower and been trapped there for
some time. Hc describes nightly patrols of the
island at 2 hourly intervals to locate the nesting
turtles. the walking of the turtles on tethers in the
shallows to move them around to the anchorage
end of the island by day and the novelty of riding
on the turtles back in the shallows. Sharks were
reported to attack the turtles being walked on
tethers, Swcatman also describes abundant remains
of dead turtles on their backs along the cliff.

Sweatman (in Allen & Corris, 1977: 55), in
commenting on the food shortage on board HMS
Bramble as she returned to Port Jackson on 9 July
1845, noted that ‘Had it not been for the turtle
caught at Raine’s It. and the fish caught on the
reefs we would have been destitute for food 3
wecks before’.

Stoddart ct al. (1981) reported that the HMS
Heroine was again in the vicinity of Raine Island
on 5 August 1846 but there is no recorded attempt
to collect turtles. However, the date of this visit is
probably incorrect because the Heroine was
recorded sunk on 24 April 1846.

On 24 July 1850 the HMS Enchantress was
wrecked on Raine Island Recf. The crew went
ashore on Raine Island and was rcscued on 25
July 1850 by the by HMS Lady Margaret (Lack,
1953). The ship HMS Constant was also wrecked
on Raine Island Reef on 12 July 1858 (Loney,
1980). There were no records of turtles being
encountcred by the survivors of either of these
wrccks.

Rattray (1869) visited Rainc Island in 1860 on
board HMS Salamander and interprcted the
phosphatic limestone rock of Raine Island as ‘a
thin layer of guano dcposited by thc numcrous
turtle and flocks of terns, gannets, and other
aquatic birds that, likc the former, make this their
headquarters and favourite brecding-placc’. The
authors are unawarc of any other report that
attributcs guano formation to turtle ncsting
activity. Given that turtles do not detaecatc while
on the ncsting bcach, this interprctation is
presumed to relate to the incorporation of
decaying turtles into the substrate.
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In 1860, HMS Herald visited Rainc Island
twice (Denham, 1861): in April when supplics
werc left on the island; and 19 September to
check on the condition of the supplics. There was
no refcrence in Denham’s diary to turtles or any
other aspect of the island from cither visit.

In 1862, Raine Island was leased for guano
mining but there appcars to be no reference to
turtles in respect to this (Crowther, 1939).

In about 1874 a beche-de-mcr fishery camp
was operating on Raine Island and staffed by 2
whites, 2 or 3 Chinese, several Kanakas and some
aboriginals from the adjacent mainland (Ellis,
1936). The duration of this operation was not
stated but Ellis implied that they harvested turtles
from the island to provision the crew.

Moscley (1879), in reporting on the 31 August
1874 visit of HMS Challenger to Raine I[sland,
commented on the death of large turtles on the
island. He intcrpreted the death of many turtles at
the basc of onc part of the cliff as being the result
of turtles coming ashore to lay eggs. He believed
that they were unable to turn around or go
backwards and hence died at the foot of the small
cliff.

During 1890-92. Raine Island was extensively
mined for guano with approximatcly 110 persons
resident on the island at times and turtles were
taken for food (Ellis, 1936). The total harvest was
not documented: one turtle was killed daily
during the nesting season to feed the European
staff (about 10 pcople); eggs were also
occasionally caten; but the consumption rate by
the approximately 100 Chinesc labourers was not
recorded. Ellis, the manager of thc mining
operation, provided the first account of the
massed nesting by grecn turtles at theisland: “The
coral sand beachcs of Rainc Island were visited
by incredible numbers of green turtles during the
sunmer months, for the purpose of laying their
eggs. In the height of the scason it was difficultto
find a few yards of beach frec from their broad
tracks madc the previous night, when perhaps
more than a thousand would have come up’.
Ellis"s description also includes an account of the
nesting behaviour of the turtles that agrees well
with the recent technical description of green
turtle nesting behaviour by Bustard & Greenham
(1969). He gives a clutch count of ‘cighty to a
hundred or morc” and an incubation period of
‘about six wecks’. He providcs a vivid account of
the co-operative digging of hatchlings to reach
the beach surface, the resting of masses of
hatchlings near the beach surface until after dark,
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the synchronous emergence of hatchlings from a
nest and their vigorous dash for the sea. Ellis
makes no reference to birds as predators of
hatchlings but gives the impression that sharks
took large numbers of hatchlings as they sped
across thereef flat. The sport of riding turtles over
the reef flat is commented on, and support is
given to De Rougemont’s claims that people
could ride turtlcs in the sea (Maslen, 1977). The
large numbers of nesting turtles wcre regarded as
a nuisance as they dug up paths and disturbed
people’s slecp when they threw sand against the
sides of houses during the night. Ellis also
described turtles entering the central depression
and dying of heat exhaustion during the day.

W. MacGillivray, an ornithologist, made
several trips to Raine 1sland and the adjacent area
during 1910-1913. On 30 October 1910 he
recorded ‘great numbers” of turtles on the beach
at Rainc Island and in the adjaccent shallows
(MacGillivray, 1910). During his 9-15 July 1911
visit to Raine Island he made no reference to
turtle nesting or to bird predation on turtlc
hatchlings (MacGillivray, 1914). However,
during his 4-12 December 1913 visit he provides
a description of Raine Island and Moulter Cay
under high density green turtle nesting conditions
(MacGillivray, 1917). In this account, the crew
were described leaping from the boat onto turtles
for rides as hundreds of turtles swam past the
vessel and, after the party landed, riding turtles
down the beach into the water. MacGillivray
described himself as ‘absorbingly interested in
the wonderful bird-life’ of the islands during the
day and ‘tormented at night by the nesting turtles,
who would persist in trying to walk over or under
our slceping shelter’. This negativity towards the
turtles was not cvident in his graphic word picture
of massed nesting at Moulter Cay: ‘In the
moonlight we noticed thousands of turtles
climbing the sand-bank, their wet backs
gleaming with phosphorescence as they leave the
water’. The whole surface of Moultcr Cay was
described as ‘ploughed up by the tracks and pits
of the reptiles, and the air is redolent with the
odour of the dead’. At Moulter Cay he also
described the destruction by nesting turtles of
bird eggs in a large crested tern, Sterna bergit,
nesting colony. S. bergii and silver gulls, Larus
novaehollandiae, were recorded scavenging on
turtle eggs dug up by nesting turtle during the
previous night at Raine Island. Rufous
night-herons, Nycticorax caledonicus, were
recorded as numerous on Raine Island and
identified as predators of the hatchlings
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(MacGillivray, 1918a). In his summary of brown
booby. Sula leucogaster, nesting, MacGillivray
(1918b) again voiced negativity towards the
turtles when he described Moulter Cay as ‘a large
turtle-infested sand-bank’.

On 7 September 1950, the Order in Council of
15 December 1932 under the Queensland
Fisheries Act was repealed. The 1932 regulation
had put in place a closed season for the harvest of
green turtles and their eggs during the months of
October and November south of 17°S. In its
place, this 1950 Order in Council declared a year
round closed season for green turtles and their
eggs throughout all Queensland. This was the
first conservation management measure applied
to the north Queensland turtle populations.

Our discussions with several people, including
D. Duffey in 1974 and J. Dagie in 1978, who had
been crew members of trochus luggers that
operated out of Torres Strait, indicated that
trochus luggers travelling south for trochus
gathering in Great Barrier Reef waters, regularly
travelled via Raine Island. Here they took on live
green turtles as deck cargo as food for the crews.
Many of thcsc islanders have left their names
inscribed in the interior wall of the beacon as the
only record of their visit to the island (Bairstow,
1983).

Vince Vlassoff (pers. comm., 2 April 1981)
visited Rainc Island during a summer turtlc
nesting period in February - March of 1956 (the
same year that Cyclonc Agnes impacted north
Queensland). During one night, his party counted
turtles in several hundred yards of beach and
extrapolated for the entire beach. They estimated
10-12 thousand green turtlcs for the night. They
rescued about 10 turtles per morning from on
their backs at the base of the cliffs. It was
estimated that they ‘could smell dead turtles from
about 2 miles (3km) out to sea’ (Fig. 10). The well
was about 4ft (~1.3m) deep but had been filling
up with dcad turtles (Fig. 10D). Photographs
taken on this trip provide the opportunity for the
first independent validation of the species
identification of the nesting turtles at Raine
Island. Up to this time, it appears that no
specimen of a green turtle from Raine Island or
Moulter Cay had been lodged in a Muscum.
During this trip Vlassoff was accompanied by an
Italian film crew from the Astoria Film Society.
They filmed for an 1talian documentary titled La
Grand Barrier. This documentary, if it still exists,
would provide the oldcst film record of the island
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FIG. 10. Rainc Island in February to March of either 1934 or 1956. Photographs by V. Vlassoffshowing evidence of
extrerely high density turtle nesting for one or both of these breeding season. These are the oldest images located
for Raine Island. A, numerous reeently dead adult Chelonia mydas that had dicd from heat exhaustion within the
central _deprcssnon. B, the surface of the rock platform adjacent to the beacon was almost completely devoid of
vegetation. C, a group of dead or dying adult female Chelonia mydas that had fallen over the eliff onto their backs.
Note the relatively bare sand surface of the rock platform above. D, remains of 12 recently dead adult Chelonia
mydas in the well at the westem end of the eentral depression of the roek platform.

and its wildlife, including footage from a very
high density turtle nesting season.

During 20-25 July 1957, Vince Vlassoff
returned to Raine Island on his vessel, Tropic
Seas, with a BBC Film Unit including producer
David Attenborough (D. Attenborough, in litt. 4
April 1984; V. Vlassoff, pers. comm., 2 April
1981). The BBC documentary Zoo Quest: The
Bl'rt]s of f’arqdise 1. Raine Island was filmed
during this visit. This documentary provides a
visual deseription of an island lush with grass
cover across the rock platform. The images of
dead turtles in the documentary werc consistent
with few turtles having died in the turtle brecding
season somc six months carlier. All except one
carcass wis a year or more old. There was low
density turtle nesting during this winter visit with
about twenty scts of tracks from nesting turtlcs
counted in four nights. This documentary and
photographs by D. Attenborough provide the first
positive identification that the turtle specics breed-
ing at Rainc Island in mid-ycar (wintcr)is C. mydas.

Changgs in fisherics regulations in 1958 opened
the way for commercial harvesting of turtles from
the northern Great Barrier Reef. Records con-
taincd in the 1956-1958 Quecensland Department
of Harbours and Marine files indicate that the
Cairns based Whittaker brothers (Snowy and
Neil), of the fishing vessel Trader Horn, lobbied
during 1956 and 1957 via their local member of
parliament, GW. Wallace MLA, to have permits
issued to harvest turtles in north Queensland.
They claimed that there were so many turtles
nesting in areas of the Northern Great Barrier
Reef that the turtles were unable to find places to
deposit their eggs and consequently they dig out
eggs previously laid by other turtles, and that on
the following morning thesc arc caten by the
birds. They further claimed that “over a period of
six to cight weeks, as many as 1.500 turtles visit
Raine Island nightly” (B.W. Dick. in litt. 26 Feb.
1957, Brisbane). They suggested that the permit
cmbrace the area from Olinda Entranec to No. 7
Bank, including Pandora (= Moulter Cay), Raine
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Island, Ham Reef, Dcrry and Nos. 8 and 7
Sandbanks. Their concept of the biology of green
turtles ineluded the following idcas: turtle laying
season extended from about November to March;
less than 1% of the turtles hatched arc males and
therefore, unlike most other animals eaten by
man, it was better that the females should be
taken; it was appropriate to harvest the femalc
turtle on the nesting beach as she headed back to
the water because as long as the females lay once
the turtles rcproduce themselves; very few
hatchlings ever live to become adults which
weigh about 114kg; grcen turtles take only about
four years to grow to adults (Anon, 1959a); there
were so many green turtles in the area that they
really needed thinning out; and the erew would
save more than they killed, beeause they would
take any hatchling that thcy found to the water
and save them from death by birds (Anon,
1959b). Their political lobbying was successful,
and on 4 September 1958, the Order in Council of
7 September 1950 under the Queensland
Fisheries Act was repealcd and a new Order in
Couneil declared whieh restricted the year round
closed scason for harvesting green turtles to south
of 15°S. The year round closed season for turtle
egg harvest throughout Queensland was retained.
This meant that turtles eould be harvested
without restriction in Qucensland north of 15°S.

In addition to published material and corres-
pondence, information regarding the Whittaker’s
turtle harvesting business was obtaincd from
interviews in Cairns in August 1983 by CJL with
Neil Whittaker himself and E. Gray who was a
crew member of the Trader Horn for the first
major turtle harvesting trip to Raine Island in
January 1959. Neil and Snowy Whittaker's
vessel for the turtle harvesting from Raine Island
was the Trader Horn: displacement 70 tons,
enginc 115HP, ovcrall length 72ft, beam 17ft,
draft 7ft, woodcn hull, built by Alf Hansen of
Caims (N. Whittaker, pers. comm.). She carried 7
dories and a crew of 12 (Anon, 1959a).
According to Neil, the Trader Horn had a freezer
capacity of about 50,000Ib (22,700kg); most of
the turtles were taken from Raine 1sland but some
came from Moultcr Cay; Moulter was hard to
work when a swell was running; thcy had no
problem eapturing 100 turtles per night for
slaughter on cvery trip; turtles were turned on the
beach at night, killed and partly butchered on the
beach next morning, loaded on a dory (Fig. 11A),
transferred to the Trader Horn where the meat
was washed on the deek and butchering
completed (Fig. 11B); only meat (= musele) was
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taken. According to E. Gray: the turtles were
butchered at the island, at first by using an axe;
the white crew did not like this job and were slow;
the boat went to Thursday 1sland to employ extra
native crew to slaughter the turtles; in the latter
part of the first harvest many turtles werc shot for
butchcering; and the meat was marketed through
Caims. Gray also observed that thc green turtles
that they harvested were nesting in sufficient
numbcrs so that “at times you eould walk a long
distanee along the beach from turtle to turtle’;
most nesting was at night and on the eastern half
of the island. Gray did not go on the sccond trip in
February 1959. According to G. E. Rowell (in litt.
to Queensland Department of Harbours and
Marine. 21 April 1959), once the refrigcrated
holds were filled with turtle mcat, killing ecased
and the Trader Horn's deck was loaded with live
turtle for the return trip to Cairns (Fig. 11C). The
live turtles from the first major eatching trip were
slaughtered at the Smith’s Crcek Wharfin Caims.
Rowles, as Harbour Master, advised Whittaker
that this was not pcrmitted. Whittaker took the
live deck eargo turtles from the last trip out to
Michelmas Reef where they werc butchered and
the meat returned to Cairns.

The Whittaker’s turtle harvesting enterprise
was initiated with a small unquantified harvest
from an unstated origin from early in the nesting
season in late 1958 (Anon, 1959b). Some of this
turtle meat was used to promote sales to Meyer
Emporium of Melbourne, Victoria, and to
presumably supply the demands of loeal hotcls.
The first substantial harvest occurred during a
two week trip to Raine Island in January 1959
(Anon, 1959b). The second major expedition to
harvest turtles occurred during February 1959.
The itinerary of Trader Horn for this Fcbruary
trip was: 14th Raine Island, 14-16 Pandora Cay
(=Moulter Cay), 17-18 Murray 1sland Sandbank,
19-22 Pandora Cay, 22 Raine Island. Whittaker
mct a visiting ornithologist, Dr Warham, on
Raine Island by chance and invited him to travel
with them for the remainder of the trip (Warham,
1963). On this latter trip, 508 turtles were taken
that yiclded about 36,000 Ib of turtle meat (Anon,
1959¢). G. Rowell (in litt. to Qld Dcpt. of
Harbours and Marine, 10 April 1959) provided a
summary of thc combincd summer’s turtle
harvests by the Whittakers: ‘Turtle fishing was
commenced in early January, and discontinued
during March. During that pcriod approximately
1,200 turtles were taken which produced
approximately 80,000 Ibs of meat (about 60 to
701bs of meat per turtle)’.
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In preparation for the eommeneement of turtle
harvesting from the Raine Island area, Mr T.A.
Hiley was reported in the Cairns Post in Deeem-
ber 1958 diseussing a proposed amendment to the
Fish Supply Management Aet that would remove
turtles from the definition of fish under the
Queensland Fisheries Act. The purpose of this
was to encourage development of the turtle meat
industry north of Cooktown by allowing people
engaged in the industry to operate outside the
Fish Board and sell dircet to the public. This
change in regulations did not oeeur.

Turtle meat was not novel to the Cairns
eommunity at this time. The Strand Hotel had
been serving turtle steaks at the hotel for six or
seven years (Anon, 1959b). The ehef, Mr. Leigh
Kingston, acknowledged that it was very popular
with the southern tourists during the tourist
season but the loeal people did not take to it too
well at the beginning (Anon, 1959b). As part of
the promotion for sale of turtle meat loeally, this
hotel staged at least one eooking demonstration
for the media and outlined styles of preparation of
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FIG. 11. Photographs by Dr J. Warham documenting
some of the procedures of thc Whittaker brothers’
turtle harvest at Raine Island in February 1959. A,
dory and erew at the beach at Raine Island. B,
cleaning and dressing turtle mcat on the deek of the
Trader Horn. C, once the freezers were full,
additional turtles were stacked live on the deck for the
return trip to Caimns.

turtle mecat meals prior to the first major
eonsignment of turtle meat arriving in Cairns
(Anon, 1959b). A local wholesaler in Cairns, Mr.
M. Stoek, was organised to distribute the
Whittakers’ turtle meat at 3/- per b (Anon,
1959b). Snowy Whittaker promoted it as
reasonably prieed meat for the ‘working man’
(Anon, 1959b).

On 5 January 1959, L. Jorgensen, Manager of
the Cairns Fish Board, announced (Anon, 1959d)
that under the Fish Supply Management Aet,
because turtles were defined as fish under the
Aet, it was illegal for the Whittakers to sell their
turtle meat in Queensland to anyone exeept the
Fish Board. They were however. entitled to scll
their turtle meat direet to buyers outside
Queensland. The Fish Board’s commission on
the sale of turtle meat was 15%. Snowy
Whittaker responded that ‘the housewife would
have to pay at least 4 per Ib more for it” (Anon,
1959¢). Some of the turtle meat was passed
immediately into the loeal Fish Board eoldrooms
for local sales. By early February, turtle meat
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FIG. 12. Label from & ean of Master Foods turtle soup made from Raine Island Chelonia mydas harvesied by the
Whittaker brothers in January - February 1959. Master Foods continued 10 market turtle soup under this label for
approximately another two deeades even though their turtles did not originate from the Great Barrier Reef.

from Cairns at 4/6* per 1b was selling in
Townsville in favour of more expensive beef
(Anon, 1959f). The Whittakers canvassed
markets intcrstate in Sydney and Melbourne with
the assistance of the Quecrah Meatworks
providing storage of the majority of the meat
without surcharge (Anon, 1959g; N. Whittaker,
pers. comm.). Additional markets were also
sought internationally in Singapore (Anon,
1959¢) and New York (N. Whittaker, pers.
comm.). As a result of a Cairns visit by Dr V.
Lewis of the Sydney canning company of Lewis
and Sons to inspect the Whittakers’ catch (Anon.
1959h), most of the turtle meat was to be sold to
Lewis and Sons at 1/9 per Ib (N. Whittaker, pers.
comm.). This mcat was processed at their Sydney
cannery into turtle soup and marketed under the
‘Masterfoods’ label (Fig. 12) (N. Whittaker, pers.
comm.). This association did not continue as
expccted because of financial issues (N.
Whittaker, pers. comm.).

When sales of turtle mcat did not increasc as
expected, a publicity campaign to counter the
conservative cating habits of the north Quecens-
land community provided recipes in the local
news paper for cooking turtle meat, including
fricd turtle steak, crumbed steak, turtlc hot pot,
turtle rolls, turtle meat sate, turtle saute, turtlc
roast and curried turtle (Anon, 19591; N.
Whittaker, pers. comm.). Additionally, the
Whittakers campaigned for the sale of turtlc meat
as an alternative to fish. This led to a debatc as to
whether turtle meat could be caten by Roman

Catholics on Fridays which resulted in
Archbishop Duhig ruling that turtle was fish and
therefore suitable for Roman Catholics to cat on
Fridays (N. Whittaker, pers. comm.). This
apparently initiated further discussion betwecn
the Fish Board and thc Abattoir authority.
Because turtles were fish under the Queensland
Fisheries Aet and under the Abattoir’s Act, fish
and meat could not be storcd in thc same
coldroom, the turtle meat had to be removed from
the meatwork’s storage. As of 10 April 1959, of
the original estimated harvest of 80.000lb of
turtle meat, about 58,0001b remained in Cairns:
23.000lb of the 25,0001b received at the Fish
Board, Cairns, remained unsold; and 35.0001b
remained in other Caimns cold storage facilities
although some of this had been purchased by a
Sydncy firm (G Rowecll, in litt. to Qld Dept. of
Harbours and Marine). The turtle harvest from
the Rainc Island area did not continue beyond this
one season because the Whittaker brothers con-
sidcred that it was not profitable (N. Whittaker,
pers. comm.).

One of the turtles brought back to Cairns by the
Whittaker brothers was presented to the Caimns
Ambulancc Brigade. Afier preparation by a local
taxidermist, this turtle was to be displayed in the
first Cairns Ambulance Wildlife Exhibit at the
Cairns show in 1959 in conjunction with *Snakes
Alive’ (N. Whittakcr, pers. comn.).

N. Whittaker (pers. comm.) provided some
observations concerning turtle breeding in the
1950’s: all the sandbanks of the northern Great
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Barrier Reef carried a few nesting turtles, but
none with numbers like Raine and Pandora (=
Moultcr); at Raine Island the turtles dug up lots of
eggs while nesting; Raine Island was the only
area with lots of frigatebirds and the frigates
would prey on hatchling turtles by day off the
beach and in the water; and Neil walked the beach
one night after turning 100 turtles for killing and
counted ‘a thousand turtles in one walk of the
island’.

Warham (1963) visited Raine Island on 7-14
and 22 February 1959. The crew of the fishing
boat Galeru that dclivered him to the island
harvested a nesting turtle for food. Warham
identified that many previously laid cggs were
dug out by nesting turtles; landrails scavenged on
these destroyed cggs; dead turtles were
numerous; and some nesting turtles still ashore
on the beach after daylight died from over
heating. Warham (1961) provided a deseription
of the topography and vegetation of the island,
dcscribed green turtles as abundant, and
identified the rufous night-heron, Nycticorax
caledonicus, as a predator of turtlc hatchlings.
Warham (1961) also visitcd Moulter Cay during
14-16 and 19-22 February 1959. lc described the
island’s topography and vegetation with a “turtle
churned level area surrounding a shrub covered
eentre. Crested terns, Sterna bergii, which were
nesting and roosting on the island, patrolled the
beaches at daylight and prcyed on hatchling
turtlcs on their way to the sca.

Both Neil Whittaker and E. Grey during their
above interviews concerning the turtle harvest
reported that some hawksbill turtles were scen
nesting on Raine Island but not harvested.

Another turtle harvesting business started in
Torrcs Strait at about the same time as the
Whittaker brothers began their venturc out of
Cairns, This Torres Strait based enterprise started
in a small way using Islander labour but the
Department of Native Affairs disagreed with this
and insisted that £15 per weck be paid to the
Islanders. This and unsuitable weather appear to
have stopped the project (Harbour Master,
Thursday Island, in litt. 9 lunc 1959).

There was at least onc protest from the
eonscrvation lobby against this newly encrgised
turtle harvesting industry. The Townsville and
District Natural History Society wrote to the
Qucensland Government protesting against the
slaughter of turtles for their meat {Anon, 1959j).
John Warham, the ornithologist who was at Raine
Island during onc of the Whittaker’s harvesting
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trips. while not eritical of the Whittaker’s
operation, expressed the need for caution with
regard to the number of licences operating in the
harvest if the turtle resource was not to be
substantially reduced (Anon, 1959k).

Another proposal to create industry out of the
Raine Island turtles in 1959 does not appear to
have progressed to implementation. A Cairns-
based mercantilc firm, Cairns Coasters, had
acquircd samples of turtle bones from ‘a vast
natural grave yard ... on the outer recef six or
seven hundred miles north of Cairns’ to test for
their phosphorus content (N. Whittaker, pers.
comm.). The plan had been for their vessel. the
West Aussie, to bring a shipload of bone back to
Cairns every time it returned from Thursday Island.

HMAS Gascoyne visited Raine Island on 11
November 1961 and her erew carried out some
repairs on the tower. There are no records
referring to turtles from this visit.

Paul Watson (pers. comm. 18 June 1979) first
visited Raine Island with V. Vlassoff in about late
November 1965. The area of the island with the
denscst turtle nesting was at the tower end and
south side. Most turtle nesting was by night. On
one night Watson had been able to step or jump
from turtle to turtle while Vlassoft walked 100
paces beside him. He rcported that he
subscquently visited Raine Island on a number of
occasions in October - December in different
years but never saw it again with turtles as thick
as on his first visit.

On 18 July 1968 an Order in Council under the
Quecnsland Fisheries Act declared an all ycar
round closed season over all marine turtle specics
and their eggs through out all of Queensland.
This marked the end of a 20yr window of
opportunity for commercial harvesting of green
turtles in the northern Great Barrier Reef.

In thc carly 1970s, Dr Robert Bustard, a
Scottish herpetologist working out of Canberra
who established the Applied Ecology Torres
Strait Turtle farms, listed Rainc Island as one of
the important C. mydas rookeries for Queensland
(Bustard, 1971) and identified Raine lIsland as
one of the 15 most important green turtle nesting
beaches worldwide (Bustard, 1972). In neither
publication did he elaborate on how he arrived at
these conelusions.

The James Cook University of North Queens-
land (JCUNQ) 1973 James Kirby Expedition
conducted biological studics at Raine Island
during 31 October - 4 Novembcr (Stoddart et. al.
1981). During this visit, Raine Island had a
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measurcd high tide circumference of 2100m
(1600m of sand and discontinuous narrow beach
rock; 500m continuous beach rock). They
recorded a nightly green turtle track count =
133.8 (SD=17.8, range = 115-162, n=4 nights).
When corrected for turtles emerging across beach
rock that did not result in tracks at the watcr linc,
their results indicated that about 200 nesting
turtles were coming ashore nightly. Their mcan
curved carapace length = 109cm (SD = 5.29¢cm,
range = 90-122¢m, n = 124). At the time of this
early ncsting season visit, there was still a
substantive Lepturus tussock grassland
extending out from the cliff to the bare sand
beach. In their effort to estimate the size of the
total nesting population, they have assumed a
100% nightly nesting success and that the nesting
habitat does not include that area of grassland
below the cliff. Based on the unquantified
observation that some animals ‘differed
markedly in degrec of curvature of carapace’,
Stoddart et. al. (1981) postulated that some of the
nesting turtlcs may have been flatback turtles, N.
depressus. It appears that nonc of the observcrs
had prior experience with the flatback turtle and
no photographs were recorded of any of the
presumed flatback turtles. We therefore reject this
identification in light of prior and subsequent data.
CJL examined the skull collected from the dried
carcass of an adult sized E. imbricata found in
central depression of Raine Island by J. Collins
during this JCUNQ visit (Limpus, 1980a) and
while not reportcd by Stoddart ct. al. (1981), this
skull remains the only conclusive evidence that
occassional E. imbricata come ashore 1o nest on
Rainc Island.

Commenting on his first visit to Raine Island in
late January 1974, Ben Cropp (pers. comm. 3
March 1975): expressed the opinion that the
abundance of track each morning in early 1974
was of the same order of magnitude as hc saw on
his next trip to the island in February 1975 when
he was accompanied by CIL, i.c. tracks from
several hundred turtles per night.

Dr G. Goedon of the Qucensland Fisheries
Service (pers. comm. 1975) counted about 50
recent sets of tracks below the high tide level in
one walk of Raine Island in early October 1975.
Later in the same breeding season, Dr J.
Kowarsky of Applied Ecology Pty Ltd recorded
numerous scts of green turtle tracks on Raine
Island from thc night of 13 January 1976
(Kowarsky, 1978). These tracks were obscrved
during an aerial survey and werc not accurately
countable. A Torres Strait Islander reportedly
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counting 160 tracks (? = 80 turtles) freshly made
in one night on 29 January 1976 (J. Kowarsky, in
litt. 3 March 1976). While Kowarsky was unsure
of the accuracy of the count, it is clearly
consistent with fcw turtles nesting on Raine
Island that night.

HISTORIC SUMMARY. The authors are
unaware of any written records or cvidence at the
island of use of Raine Island by indigcnous
people prior 1o its discovery by Europeans in
1815. However. it is highly likely that at Icast the
inhabitants of Murray, Darnley and Stephen
Islands of eastern Torres Strait, with their large
dugout sail canoes would have visited these
islands prior to European arrival. Similarly there
is the possibility that aboriginals from the
adjacent mainland may havc also ventured out to
Raine lsland under favourablc weather
conditions, given that the island is visible from
the top of some inshore islands (c.g. Sir Charles
Hardy Islands) on a clear day. Since its discovery
by Europeans, Raine Island has been inhabited
for extended periods on three occasions: during
the building of the beacon in 1844, by a
beche-de-mer fishery crew in the 1870°s and by
guano miners for 3 yr from 1890. During the
samc period, neither Raine Island nor Moulter
Cay have been continuously inhabited by
indigenous peoplcs.

From the earliest records of these islands in
1843 until the present times, it is apparent that
Raine Island has been a significant C. mydas
rookery and that large numbers of nesting
females may die on the island each year from
natural causes.

Since European discovery of these islands,
therc was only sporadic low intensity harvest of
the nesting C. mydas at the islands up until
January 1959. During January - February 1959
there was a harvest of approximately 1,200
nesting C. mydas from Raine Island and Moulter
Cay. This large scale harvesting of the nesting
turtles was not repeated. Raine Island and
Moulter Cay appears to bc one of the lcast
diswurbed major Clrelonia mydas rookery regions
of the World, having escapcd the ravages of
intensive turtle harvesting associated with
European colonial expansion into tropical seas
(Parsons, 1962; Hirth, 1997).

BREEDING DISTRIBUTION IN THE
NORTHERN GREAT BARRIER REEF

BREEDING SPECIES. The distribution and
abundance of nesting by marine turtles in the
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FIG. 13. Maps summarising the distribution and abundanee of marine turtle nesting in Queensland. These maps were
generated from the QPWS marine turtle nesting database. A, Chelonia mydas, green turtle. The groupings of
rookerics that represent cach of the four genetically separated stocks that breed in northeastern Australia
arc identificd. B, Eretmochelys imbricata, hawksbill wrtle. C, Natator depressus, flatback turtle.
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northern GBR and Torres Straight region was
undertaken throughout this study by tcams
landing on beaches and counting turtles or tracks
for each specics on a nightly basis (Tables 3-6).
During the late 1990s, additional data on the
temporal and spatial distribution of marine turtle
breeding in Queensland was recorded during
dedicated acrial survey of nesting beaches
(Limpus et al., 2000). Detailed studies of turtle
nesting biology from the region have also been
publishcd for Bramble Cay (Limpus et al., 2001),
Milman Island (Dobbs et al., 1999) and a northern
GBR-Torres Strait survey of E. imbricata nesting
(Miller, et al., 1995). These data have been
incorporated into the QPWS Marine Turtle Atlas.
This is a relational database that summarises the
breeding season, location and estimated size of
the annual breeding population by species for
marine turtles in Quecnsland. Analyses of thesc
data have been output as summary maps using
GIS software (Fig. 13).

Green turtle, Chelonia mydas. There are threc
concentrations of C. mydas rookerics in Queens-
land: southern GBR; northern GBR and adjacent
Torres Strait and southern Gulf of Carpcentaria
with a fourth adjacent cluster of rookeries on the
Coral Sca Platform (Fig. 13A). These data,
including the results of the on ground surveys of
turtle nesting throughout the northern GBR and
Torres Strait region (Tables 3-6), show that C.
mydas breeding is concentrated onto the cays of
the outer barrier reef from Bramble Cay to
Princess Charlotte Bay. The main concentration
within this outer barrier recf nesting zone occurs
on Raine Island (Table 3) and Moulter Cay (Table
4) with subsidiary concentrations on Bramble
Cay, Murray Islands (Fig. 13A), No.8 Sandbank
and No.7 Sandbank (Table 5). C. mydas breeds
less frequently on the inner shelf sand cays. con-
tinental islands and adjacent mainland (Table 6).

Since 1974 hundreds of thousands of nesting
and recently dead adult C. mydas and their
hatchlings have been observed at Raine Island,
Moulter Cay, MacLennan Cay and No.8 and
No.7 Sandbanks. A total 0f 34,361 tagged female
C. mydas were processed whilc nesting at Raine
Island and 3,015 at the other outer barrier reef
islands (Tables 7-9). During the 32 trips on which
tagging and census studics were conducted by
QPWS and/or Applied Ecology. no adult turtle,
turtle track or hatchling of a species other than C.
mydas was recorded from Rainc 1sland, Moulter
Cay, Maclennan Cay, No.8 Sandbank or No.7
Sandbank.

MEMOIRS OF THE QUEENSLAND MUSEUM

Hawksbill turtle, Eretmochelys imbricata.
There is one concentration of £. imbricata
rookerics in Quecnsland: on coral cays of the
inner shelf of the northern GBR from the Piper
Islands north to the sand islands and contincntal
islands of central and western Torres Strait (Fig.
13B; Table 10). Low density to sporadic ncsting
ocecurs south of the Piper Islands to Princess
Charlotte Bay.

British Museum specimen, registration no.
46.7.27.6 is an immature specimen with CCL =
35.5¢m collected at Raine Island (A.F. Stimson,
in litt., 26 May, 1977) which was presented to the
museum by Lieut. Ince in July 1846. This is the
Boulenger (1889) specimen 'w'. It was on the
basis of this specimen that Stoddard et al. (1981)
associated the species with Raine Island.
However, the latier study failed to recognise that
the turtle was an immature, presumably having
been caught on the surrounding reefat the time of
the construction of the beacon in 1844. Immature
to adult-sized E. imbricata were occasionally
scen on Raine Island Rcef during the present
study.

J. Collins (JCUNQ) collected the skull from an
adult E. imbricata carcass within the central
depression of Raine Island in November 1973
(Limpus, 1980a). As only nesting female turtles
venture this far inland. this must be accepted as a
brecding record for the species from Raine
Island. During the January-February 1959
harvest of C. mydas from Rainc Island by the
crew of the Trader Horn, *hawksbill turtles’ as
well as the abundant green turtles were identified
as being ashore nesting (E. Gray, pers. comm.,
1983; N. Whittaker, pers. comm., 1983). £,
imbricata breeding at Raine Island and adjacent
outer barrier cays during the present study period
may have been unrecorded because very little
census work has been conducted during
January-Mareh which is the peak of the region’s
E. imbricata nesting season (Dobbs ct al., 1999),
At Bramblc Cay, £. imbricata nests at very low
density mostly during the January-March period
(D. Carter, pers. comm.; C.J. Parmenter, unpubl.
data). E. imbricata breeds at very low density on
Raine Island and probably also on the adjacent
outer barrier recf cays.

Flatback turtle, Natator depressus. There are
threc concentrations of N. depressus rookeries in
Queensland: on continental islands and mainland
beaches of the central east coast from Bundaberg
to Townsville; sand islands and continental
islands of western Torres Strait and the mainland
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TABLE 3. List of study trips to Raine Island and other islands of the northern Great Barrier Reef: November 1974
- Dceember 2001, summarising the nightly counts of breeding female turtles and their associated mortality
while ashore nesting on the islands. The nightly eount of turtles is listed as the tally count or in parenthesis as a
tagging census count. The mean nightly count was caleulated on half monthly sampling intervals. Nightly
mortality includes those turtles found alive but which would have died if left unaided and whieh resulted from
that night’s nesting attempt. Accumulated dead turtles were counted at the arrival of the study team fora census
period. Only Chelonia mydas was recorded. # denotes that the count may include morc than one night’s
nestings. tr = tracks. Key to notes: 1 =JCUNQ, A. Birtles; 2 = C. Limpus & B. Cropp; 3 = G. Goedon (pers.
comm.); 4 = Kowarsky, 1978; 5 = QPWS; 6 = B. Cropp (pers. comm.); 7= QPWS & AE: 8 = QPWS acrial
survey: 9= AIMS, D. Williams; 10=QPWS/RIC: 11 =D. Williams; 12=QPWS & GBRMPA; 13=GBRMPA,
J. O’Dyer; 14 = Opcration Raleigh; 15 = A. Fleay (in litt.).

= - Mean nightly female - — Mean nightly female
= g T . count g El T . count
32l 8¢z2lE=2 g 2 8¢al= =
Date z % = g E 5 Notcs Date —Z‘% = -E é 5 Notes
g;oz i—:"g g E Mean | SD E‘)ﬁ E"g g § Mean | SD n
29/11/74 | 11565 281 | 11565 - 1 9-23/6/80 - 0-1 - 14 5
281275 | 427tr >588 | 447t | - 2 o (;;) T O B == S
1/3/75 {517t
203/75_| 40810 9/12/80 é’i‘)
e o 10/12/80 | 58
22110775 | ~50 & 3 112580 | 69
29/1/76 | ~80tr 4 29
2276 | - 8712 | - 12/12/80 | (50)
3/12/76 - 28/2/81 - - 24) | 127 7 9
4/12/76 898 1/3/81 (3)
5/12/76 - 2/3/81 - -
6/12/76 845 3/3/81 (26) -
Early/11/ | ~40-5 6 4/3/81 | (36) o
7 0 381 | en | -
31277 | @) | 0 0 | ey | - 7 6381 | (36) | -
[ an2m1 | @y | o 81 | 6oy | -
51277 | (19) | 0 8/3/81 o s
6/12/77 | (4) | 1 9/3/81 | (10) | -
277 | (33) | - 7/6/81 0 0 - Lo 05 | 9 10
1/12/78 | (148) 0 i (243) - 7 8/6/81 0 0
2/12/78 | (208)| 0O 9/6/81 0 0
3/12/78 | (240) | 1 10/6/81 | (1) | 0
4/12/78 | (327) 1 11/6/81 ) 0
5/12/78 | (295) - 12/6/81 0 0
29/10/79 | - 0 18 | 416 - 5 134681 | (1) 0
| 30/10/79 | 381 0 14/6/81 ) 0
31/10/79 | 451 1 15/6/81 0 0
1/11/79 | 410 0 427 - 16/6/81 (1) 0 (0.3) - 3
2/11/79 - 0 17/6/81 0 0
311179 = 0 18/6/81 0 0
4/11/79 444 0 12/11/81 | 1019 0 6 1009 - 3 10
5/11/79 - 0 _13111/81 0
6/11/79 = 0 14/11/81 | 1103 2
711479 - 1 15/11/81 | 906 0
8/11/79 - 1 16/11/81 | 955 5 2038 | 446.7 13
9/11/79 - 0 17/11/81 1]
13/12/79 | 1211 0 72 1347 - 5 18/11/81 | 1722 1
14/12/79 | 1482 3 19/11/81 | 2074 4
8/4/80 1-2 tr 8 20/11/81 | 1943 5
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TABLE 3 (Cont.)

- - Mean nightly female _ - Mean nightly female
g 5 3 . count g g T . count
S 2| 2 v 8 2 2 B S ulE 2

Date | 3, 2 _;. B 'g 5 Notes Date _;. 2 s B 'g f;:' Notes
Z Z|IZ o< Z Z Z Q| < S

21/11/81 [ 1986 0 20/11/82 | 639 1

22/11/81 | 1954 6 21/11/82 | 716 0

23/11/81 | 2565 2 22/11/82 | 674 0

24/11/81 | 2369 3 23/11/82 | 670 1

25/11/81 | 2307 2 24/11/82 | 822 0

26/11/81 | 1542 9 25/11/82 | 854 0

27/11/81 | 2263 7 26/11/82 | 760 0

28/11/81 | 2212 6 27/11/82 0

29/1181 15 28/11/82 0

3011/81 | 2599 10 29/11/82 | 1095 1

1/12/81 | 2757 6 2094 | 6653 | 12 30/11/82 | 959 0

212/81 | 2345 | 13 1/12/82 [ 1000 | 2 925 |1125] 6

3/12/81 1738 15 2/12/82 0

4/12/81 | 1287 8 3/12/82 | 878 0

5/12/81 1445 2 4/12/82 810 0

6/12/81 2 | 5/12/82 | 809 1

7/12/81 1394 2 6/12/82 960 2

8/12/81 | 1832 | 2 7/12/82 | 1091 2

9/12/81 | 1795 8 8/12/82 2

10/12/81 | 2654 5 25/4/83 | 2u 0 82 |32tr| - 5 10

11/12/81 | 1817 8 26/4/83 | 2tr 0

12/12/81 | 2599 8 27/4/83 81r 0

13/12/81 | 3463 8 28/4/83 3tr 0

21/2/82 350 350 1 11 29/4/83 1tr 0

13/7/82 0 0 189 | (0.3) - 3 10 15/11/83 | Several hundred tracks scen from air 12

14/7/82 0 0 3/4/84 8 0 92 9 4.2 13 10

157/82 | (1) | 0 4/4/84 9 0

16/7/82 0 0 (0.5) | 0.8 14 5/4/84 6 0

1782 | @y | o 6/4/84 11 0

18/7/82 0 0 7/4/84 5 0

19/7/82 (1) 0 8/4/84 3 0

20/7/82 0 0 9/4/84 15 0

21/7/82 (1) 0 10/4/84 17 0

22782 | @ | 0 11/4/84 | 8 0

23/7/82 (2) 0 12/4/84 7 0

24/7/82 0 0 13/4/84 7 0

25/7/82 0 0 14/4/84 6 0

26/7/82 0 0 15/4/84 14 0

27/7/82 0 0 16/4/84 3 0 5 1.9 9

28/7/82 0 0 17/4/84 5 0

29/7/82 0 0 18/4/84 5 0

13/11/82 | 460 0 6 492 - 3 10 19/4/84 4 0

14/11/82 | 525 0 20/4/84 2 0

15/11/82 | 490 0 21/4/84 3 0

16/11/82 | 452 1 718 | 1834 13 22/4/84 7 0

17/11/82 | 470 1 23/4/84 5 0

18/11/82 | 553 0 24/4/84 8 0

19/11/82 | 670 0 25/4/84 0
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TABLE 3 (cont.)

_§, ] § ) g , Mean n::go}::rl))l, female % ) E g i Mean n::gol:::\)t, female
Date _:;_, £ _;:, B —g g Notes Date - ‘z ""g) 3 £ Notes
5|55 5 Mean| SD| 0 Z % 2% gsMean SD | n
AE-IEE z2|z28/ 28
1/9/84 T 7tr - 1 13 7/12/85 0
21/1184 | 7739 | 24 256 | 6376 - 5 10 8/12/85 | 295 0
22/1184 z 9/12/85 1
23/1184 | 6459 | 14 1012/85 | 236 | 0
24/1184 = 11/12/84 | 5764 | 11
25/1184 | 7074 | | 1212784 a
;gj : :2: i i; 1312/84 | 5295 | 26
= o 14/12/84 29
AT 15/12/84 | 3916 | 34
Bl 1 16/12/84 40 8873 | 2175 5
1/12/84 | 7867 | 8 6493 | 1683 | 8 el | L
o g 18/12/34 52
R 19/12/84 | 9776 | 44
ETE = 20/12/84 | 11467 25
[ si2sa | 7070 | 12 21/12/84 | 9960
6/12/84 29 AN
7/12/84 | 7099 | 19 2l NI 805)
8/12/84 31 24/11/85 4 10
9/12/84 | 5633 | 35 25/11/85 | 119 | 0 196 | - 3
10/12/84 21 26/11/85 0
11/12/84 | 5764 | 11 27711185 | 308 | o
12/12/84 47 28/11/85 0
13/12/84 | 5295 | 26 162,
14/12/84 29 291185 a2 | ©
15/12/84 | 3916 | 34 30/11/85 0
7?12/84 40 8873 | 2429 5 1/12/85 214 0 227 38 6
17/12/84 | 5102 | 52 2/12/85 0
18/12/84 52 3/12/85 | 205 | ©
19/12/84 | 9776 | 44 4/12/85 0
20/12/84 | 11467| 25 5/12/85 0
21/12/84 | 9960 6/12/85 | 227 | o
22/12/84 7/12/85 0
23/12/84 | 8059 8/12/85 | 295 | o
24/11/85 4 10 9/12/85 1
25/11/85 | 119 0 196 - 3 10/12/85 | 236 1]
| 26/11/85 0 11/12/85 0
27/11/85 | 308 | o 12/12/85 0
2811185 ¢ 1312585 | 183 1
290185 | 462 |0 B2
14/12/85 (]
30/11/85 0 B i
1/12/85 | 214 | 0 227 | 38 6 105
2712735 a 16/12/85 | e | 1 151 | - 3
3/12/85 | 205 | 0 17/12/85 2
4/12/85 0 18/12/85 | 142 | o
5/12/85 0 19/12/85 | 205 | ©
6/12/85 | 227 0 20/12/85 0
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TABLE 3 (cont.)

ol _ Mean nightly female - _ Mean nightly female
S g e count = 5 3 . count
g Ll & uls 2 5 ¢l 2 wil &8 2
Date | 3 2 £ ’g E = Notes Date | > 2 » E 25 Notes
_'.f_'o : :‘;:n-:g é 2 Mean | SD n .'E" ; _‘f:o% é g Mecan | SD n
Zz|lZa|l< s ZZ zAal <5
17/10/86 | 137 130 | - 2 14 1/12/89 16 6144 | - 3
18/10/86 | 123 2/12/89 18
13/1/86 | 1439 | 0 1549 | - 3 3/12/89 19
14/11/86 | 1705 | 0 4/12/89 14
15/11/86 | 1503 | © 5/12/89 | 5991 | 14
16/11/86 | 1284 | 0 3145 | - 5 6/12/89 | 5925 | 14
23/11/86 | 3142 | 11 | 90 10 7/12/89 | 6516 | 14
24/11/86 29/11/91 | 2289 | 20 - 13| 3 6 10
25/11/86 | 3208 | 23# 30/11/91 o 6
26/11/86 7 1/12/9] | 3360 | 8
27/11/86 | 3525 | 7 2/12/91 5 4
28/11/86 7 3/12/91 | 3483 | 8
29/11/86 | 4565 8 4/12/91 N 13
30/11/86 8 5/12/91 | 3492 | 16
1/12/86 | 4696 | 8 3957 | 686 | 8 6/12/91 ) P
2/12/86 13 7/12/91 | 3741 | 33
3/12/86 | 4547 6 8/12/91 ~ 36
4/12/86 9 9/12/91 | 5062 | 20
5/12/86 | 3991 | 8 1012091 | -
6/12/86 9 29/11/92 | 850 | 3 - | 1323 { 458 | 6 10
7/12/86 | 4838 | 11 0012 | - 3
8/12/86 18 11292 | 874 | 12
9/12/86 | 3648 | 12 A 5
10/12/86 U 3/12/92 | 1048 | 8
11/12/86 | 3643 | 6 MEny | S
12/12/86 1 51292 | 1591 | 6
13/12/86 12 . 5
::;:zzz ;Zfé = 71292 | 1936 | 8
29/11/87 10 | 158 10 P g
9/12/92 | 1638 | 5
30/11/87 | 3296 | 10 3296 1 T .
112/87 | 2312 9 4099 | - 4 <
e = 29/11/93 | 9245 | 11 - | 8593 | 585 | 6 10
3/12/87 | 4489 | 16- s L - 33
4/12/87 | 4585 | 14 11253 10121 27
5/12/87 | 5011 il &
o158 . s - 3/12/93 | 7596 | 19
30/11/38 2 Sl . L
W 6l e i 7 5/12/93 | 8384 | 10
21288 1 o253 | - 1 20
P | 7/12/93 | 8478 | 5§
4/12/88 | 1088 | 2 81293 | - | 8
s TR 9/12/93 | 8841 | 20
s 2 10/12/93 | - 2
712/88 | 647 | 0 30/11/94 | - & -
2%11/59 %4 | 177 5 1/12/94 | 586 | 0 645 | - 5 10
29/1189 | 5919 | 15 5919 | - 1 2/12/94 - Y
30/1189 16 3/12/94 | 836 | 0
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TABLE 3 (Cont.)

"~ - Mean nightly female 8
§ . § 1 E‘; . cgoun)t, E 1 E ) 3"_3 , Mean mch}:ltrll)t' female
Date | 3, i > E E E Notes Date | 3, _;O; ° & B E Notes
g:%% 7l S E8E= §-gMean SD | =n
z z|Zal <3 S ok SaaReRs
an2/s4 | - 1 | 412/98 | 561 | 0
51294 | 729 | 1 5/12/98 | 83 | o
6/12/94 1 1 6/12/98 - 1
7/12//94 | 404 0 7/12/98 _ 0
81294 | - 0 s/298 | - 0
9/12/94 671 0 9/12/98 | 273 0
512/95 | 4653 | 5 | 191 | 4648 | - 5 10 28/11/99 | 5806 | 41 | 213 I s617 | - 3 10
612/95 | - 8 29/11/99 | 5834 | 18
712/95 | 4627 | 9 30/11/99 | 5212 | 13
8/12/95 | 5765 15 1/12/99 - 9 7079 | 776 8
0/12/95 | 4044 | 14 2/12/99 | 7010 | 14
101295 | - 0 31299 | - 20
11/12/95 | 4150 | 4 | 4/12/99 | 6282 | 17
12/1295 | - 21 5/12/99 | 6848 | 25
13/12/95 | - 6 6/12/99 | 6745 | 36
30/11/96 | 11755] 67 | 150 [12100] 1421 | 7 | 10 712/99 | 8101 | 25
1112/96 | - 51 8/12/99 | - 35
211296 | - 52 9/12/99 | 6301 | 24
3/12/96 | 11454 75 10/12/99 | 8408 | 32
4/12/96 | 11422 29 11/12/99 | 7077 | 41
5/12/96 | 10677 58 3011700 | 114 | 1 0 | 114 | - 1 10
6/12/96 - 65 1/12/00 82 0 131 31 7
712/96 |11209| 42 2/12/00 | - 0
8/12/96 |13667| 62 3/12/00 | 136 | ©
0/12/96 |14519| 26 4/12/00 | 136 | 0
20/11/97 | 3184 | 11 | 186 | 4065 | 905 | 7 | 10 sn2/00 | - | 0
301197 | 3279 | 6 6/12/00 | 107 | 0
1/12/97 | 3881 | 4 712/00 | 17] | 0
211297 | 3292 { 10 Z;:Zgoo :gi (1)
3/12/97 | 4312 | 10 2
4/12/97 - 14 :;:313: ;?(3)3 250 71 | 3601 | 1401 | 8 10
5/12/97 | 5284 | 7 | =
3/12/01 | 2462 | 6
6/12/97 | 5223 | 5 T : o
281198 | 110 | o By SR 2o T = 5n12/01 | 1923 | 0
20198 | 300 9 6/12/01 | 2675 | 2
30198 | 2 201 | 3072 ) 21
0l12% | 762 | O 8/12/01 | 4988 | 15
2/12/98 | 707 | 1 onaor |- ”
£ o 10/12/01 | 5952 | 4

coast of north-western Cape York Peninsula and
the Wellestey Island of the southeastern Gulf of
Carpentaria (Fig. 13C). The on-ground surveys
of turtle nesting throughout the northern GBR,
recorded only sparse N. depressus nesting (Miller
et al., 1995; Dobbs ct al., 1999) (Table 6).

Stoddart et al. (1981) suggested the possibility
that N. (=Chelonia) depressus nested at Raine
Island. Their deseription of the turtles in question
is not consistent with that of adult N. depressus
but fits well within the normal variation in
carapace shape of C. mydas. In view of the lack of
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supporting evidence for the presence of N.
depressus at Raine Island, the species should not
be considered part of the nesting community of
Raine Island or the adjacent outer barrier cays.

Loggerhead turtle, Caretta caretta. C. caretta
has not been recorded breeding in the far northern
GBR. An unsuccessful nesting attempt by the
species was recorded from Lizard Island prior to
this survey (Limpus 1982). This remains the only
castern Australian breeding record for the species
from north of Townsville.

Misidentified species. The Leatherback turtle,
Dermochelys coriacea was recorded ashore at
Moulter Cay and Raine Island on 8th and 16
November 1986 among the nesting C. mydas
(Anon., 1986). The turtles were not deseribed in
detail, nor were they measured or photographed.
Given that the recorders were naive with respect
to marine turtle identification, that during the
same brceding season the species was not
encountered by experienced observers at these
islands, and that the spccies has not becn
recorded by any other observers at these islands
at any other time. D. coriacea will not be
considered as part of the marine turtle fauna of
the Raine Island area. No reeords of D. coriacea
breeding werc obtained during the surveys of
turtle breeding throughout the remainder of the
northern GBR and Torres Strait (Miller et al.,
1995; Limpus ct al., 2000) (Tablcs 5-6).

CHELONIA MYDAS BREEDING SEASON.
Ellis (1936) in summarising his stay on Raine
Island from late 1890 to 1892, identified
pedominantly summer nesting by green turtles.
The next longest reported habitation of the island
was during the construction of the beacon from
29 May until mid September 1844 when
MacGillivray (1846) reported only irregular
isolated nestings by green turtles with numbers
increasing in September. All remaining reports
are from trips of about a month or less in duration
and at irregular intervals. The nightly density of
turtle nesting recorded on all visits to Raine
Island and other islands of the northern GBR
since November 1974 arc summarised in Tables
3-5.

The historical data and that of Tables 3-4 have
been combined to produce a summary of the
breeding scason by months for Raine Island and
Moulter Cay (Table 11). While there are marked
differences in nesting density from year to year,
the gencral pattern is for sporadic nesting to oceur
during the dry season (May - August) and
breeding turtle numbers to increase from
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TABLE 4. Moulter Cay. Only Chelonia mydas was
recorded nesting at Moulter Cay. See Table 3 for
symbols and codes.

| 2e | I Mean nightly female
! E .= 3 . N count
BE-IEE IR -

Date > ﬁ’ EAE E g Notes
f.i:__:o : .;:"_‘0 ‘;‘5‘3} ; e Mean | SD n
ZZ|lZo| <3

15375 [244w] o0 | 142 [244w| - 1 2
Lonzms J@son| | 7 5
||Pm|2/77 ‘Bu| 0 | o e - | 1| 7
24i6/80 | 0 | o | 28 10
19/6/81 | 0 | 10
(30782 | 0 | o | 10 |
| 10/12/82 | 4021r | | 3 Je02w| - 1| 10
Mian2ss | 18 | 3_‘_3 157 [ - | 2 | 10
151285 [ 166 | 0
i17/|0/86 58 | 76 | 40 | 7 | 14
18/10/86 | 55 |
21/10/86 | 61 |
221086 | 88
| 23/10/86 | 74
| 27110086 | 38 NN
| 28/10/86 | 160
6/11/86 | 210 357 | 108 | 3
711186 | 407 |
| 81186 | 458 |
| 16/11/86 | 747 | a1 | - | 1
| 14/12/86 | 1669 | 1807 | - 2 | 1o
| 15/12/86 | 1945 1
N8 | 627 | 3 | 17 | 627 | - 1| 10
131292180 0 | o [180w| - | 1 | 10
| 712193 | s057 | - 5057 | - 1| 1o
71295 | 2495 | 0 | 39 | 2495 | - | 10
1271196 | 4043 | - - 4043 - 1| 10
71297 1671 | 6 | a5 1624] - | 2 | 10
812097 [ 1577 ] 2
w1298 - | o0 | 21 2 | 10
111298 - | o
1212199 | 3665 | 31 | 60 | 3665 | - 1| 1o
101200 67 | 1 67 | - 10
| 10/12/01 | 1881 - 42 2022 - 2 10
funzen)2ie3 | 3 |

September and reach a maximum in December
and January. Numbers decreasc again into the dry
season. This also is the pattern for C. mydas
nesting elsewhere in the northern GBR: at
Bramble Cay to the north (Limpus et al., 2001)
and at No.7 and No.8 Sandbanks to the south
(Table 5). In the southern GBR, C. mydas nesting
is seasonal, being confined to the mid summer
(October - April) period (Bustard, 1972; Limpus,
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TABLE 5. Other outer Barrier Reef coral eays of the far northern Great Barrier Reef. Only Chelonia mydas was
recorded at these islands. See Table 3 for symbols and codes.

—

Nightly | Nightly ‘Accumul Nightly | Nightly | Accumul
Rookery Date c&‘g‘" f)(:;l;?}g g;zg Notes Rookery Date C&l;l)l")l [c)‘::‘;?l: g;i% Notes
ashorc ratc turtles ‘ashore ratc turtles
Bramble 3/1/87 3401r 5 No.7 | 17/11/81 | 205# 1w 0 0 10
Cay 4187 | 290w Sandbank [\7/15:86 | (79) 0 10
16/1/89 | (272) 0 0 5 28/11/87 | odur 0 0 10
17/1/89 | (140) 0 271188 | (26) 0 0 10
Maclcnnan | 30/11/78 4) 0 0 7 23/11/89 | 1101r 0 0 5
Cay 25/6/80 0 0 0 10 271191 | 94w 1 0 10
19/6/81 0 0 10 201192 | 53w 0 0 10
30/7/82 0 0 0 10 312/95 | 1454 0 1 10
4/12/88 (®) 0 0 10 11/12/96 o 0 6 10
No.8 28/11/76 | ~651r 0 0 5 10/12/97 | 108 0 7 10
Sandbank | 39/11/76 | 254 0 No.6 5/6/80 0 0 10
1111279 | 141 0 0 5 Sandbank |~ 4689 0 0 10
5/6/80 0 0 1 10
e T ; = i?:r;(llbank 141184 | 130 | 0 10
10/7/82 0 0 10 | Ham Cay 12/12/79 | 6l#tr 0 5
11/12/82 | (118) 10 5/6/80 0 0 0 10
17/12/86 | (102 0 10 16/11/81 Many i« 0 0 10
28/11/87 | 193 tr 0 10 11/12/82 | Many tr 0 0 10
2711/38 | (30) 0 0 10 25/11/89 | 10tr 0 0 5
24/11/89 | 234 0 0 5 Desry Cay | 5/6/80 LY 0 o 10
271191 | 79t 0 0 10 12/12/82 | 12t 0 1 10
271192 | 631r 0 | o 10 25/11/89 | ~121tr 0 0 5
3/12/95 | 1214 0 0 10 Davie Islet | 27/6/81 | 0 0 10
11/12/96 5 0 2 10 12/12/82 | 14t 0 0 10
10/12/97 | 119 0 2 10 23/11/89 | 221 0 s
No.7 28/11/76 | ~60tr 0 0 5 Tydeman | 27/6/81 0 0 10
Sandbank | 1/12/79 | j0s#w | o 4 5 Cay 12/12/82 | 29t 0 0 10
4/6/80 0 0 3 10 18/12/86 | 1ltr 0 10

1980b). The more tropical location of the Raine
Island rookery and the extremely large numbers
of breeding females at Raine Island would give a
higher chance of a fcw individuals ncsting
outside the main breeding scason and could be
the cause of the expanded breeding season
compared to elscwhere in the GBR.

There is considerable variability in the timing
of C. mydas brecding throughout the Australian
continental shelf. Along the eastern and western
Australian coasts, C. mydas ncsting is principally
mid-summer. Within the southern Gulf of
Carpentaria (Bountiful, Pisonia and Rocky
Islands) and Arafura Sea (southcrn islands of Aru
Archipclago), C. mydas ncsting occurs year
round with a midyear peak (Bustard, 1972;
Schulz, 1989; C.J. Limpus, unpubl. data). A
similar variability in brecding season occurs for
N. depressus at its various rookeries around

northern Australia (Limpus, 1971; Limpus et al.,
1983b, 1989).

This vanability in timing of the nesting season
probably results from the intcraction of a number
of factors which should include the tempcrature
environment of the rookery (Guinea, 1994), the
genetic origin of the brecding population (which,
amongst other things, should influence the
pivotal tempcraturc for the individual
population) and the climatc of the fecding
grounds providing turtles to the rookeries. The
direct cause(s) for this variability in breeding
season cannot be explaincd at present. It is not
simply a function of latitudc, given the similarity
of the breeding seasons in northern and southem
GBR and the different breeding season of the
southern Gulf of Carpentaria rookeries at an
intermediate latitude. The issue is further
complicated by turtles from widcly scattered
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TABLE 6. Coral cays, continental islands and mainland beaches of the inner shelf of the northern Great Barrier

Reef. Cm = Chelonia mydas; Ei = Eretmochelys imbricata, Nd = Natator depressus; 7 = species unidentified.
See Table 3 for other symbols and codes.
T
= = - e k= 2
2e|2al 22 2ol 2.02g
Rookery Date >2 | = EB| EE | Nots Rookery Date 22| S E —é § | Notes
ER E=| 2 g E21E2E 23
I = 8 = 0 . T o
= 2 | = inlNes 22| =2&8| <%
Sinclair Island | 11/12/76 | 0 0 s Sir Charles 2610779 | 3#w? | © 5
Milman [sland | 11/12/76 | (6)Ei | 0 5 (}:1zf§l>"c'rsnl;md 26/6/80 | 16w E | 0 0 10
512/78 | ~10wEi| 0 7 1t Cm
X st e 0 0 10
31/7/82 . 0 10 - o
o Pl Cm
13/6/84 | ~S#1rEi| 0 5 191285 | gwerpi | © v s
Cholmondely : 9# tr Cm
A 1/8/82 | 3#wEi | 0 10 5287 | G0 10
Wallaee Island | 7/12/76 | 4w Ei 0 5 Sir Charles 21276 | 1lktr? 0 5
2 Hardy Islands 9
09/12/76 g 0 e 26/10/79 | 13%w? | 0O 5
T I AT 0 10 8782 | 0 0 10
VT — 23/4/83 0 0 10
amiland ¢oas
south of Usher | 10/12/76 0 0 5 19/12/85 | 1#u? 0 0 10
ol snagr | JEDL o 10
Little Boydong 2t tr Ei
9/12/76 0 0 5
Island Haggerstone 10/11/79 0 0 D
Boydong 9/12/76 | (2)Ei 0 0 5 Island 22/6/81 0 0 10
Island 1/8/82 | 8#tEi | 0 0 10 23/6/81 0 0
gy 635 | 1wEi | 0 2 15/11/81 | 1wEi | 0 o | 10
Island B 0
Bird Island 5375 | (E | 0 0 2 B 0 10
(north) (1)Cm 30/4/83 0 0 10
81276 | "yE | O Y 5 51287 | 0 0 10
206681 | 1uwEi | 0 10 f:oﬁre:) Island | o) /e . . 0 |o
13/6/84 | 14t Ei 5
= Portland Roads | 30/11/76 0 0 B
Bird Island B
south) 21/6/81 | 1tEi 0 10 b p o 0
:»:lzf]znhur 6/3/75 | tr Ei 0 2 Quoin Island 6/6/80 0 0 0 10
Saund 5/3/75 | 2uEi 0 0 2 il . g o
aunders 1
(ol 216/81 | 1wEi | 0 10 ;2; : :;2; g g 0 10
2882 | \uEi | 0 | 1Ei | 10 5 = . . 2
Ellisisland | 11111779 | 0 0 5 o TI/BZ . . 3
Magralsland | 22/6/81 | 3%t Ei | 0 10 Ll 10
e Sherrard Island | 17/11/84 | 1#w? | 0 10
Pl viae | 3Cm o s
Banks (north 1trEi 2 1# tr Cm
6287 | L5 o 0 10
western) 7880 | 1Ei | 0 10 - :
6/6/81 0 0 10 Night Island 25/1/79 0 0 5
o 9/11/81 0 0 0 10
Banks (north 7/6/81 0 0 10 9/11/82 0 0 10
Sastem) ’ S , m 12/6/84 0 0 s
Ashmore 7/6/80 1 tr/Cm L6/11/84 0 0 10
Banks (north 0 10
castern) 7/6/81 0 Morris Island 6/12/87 [3%1tr 0 0 10
FarmerIsland | 23/4/83 0 0 10 Cm 12%
20/12/85 | 2uEi |0 0 10 trEi
< ! Fife Island 28/11/76 | 3 tr Ei 0 s
PR (9L I 91182 | 0 I 0 0 10
26/86 | 1wEi 10 e , . .
2811787 [TUEI2H g 0 10 : 2
tr Cm 6/12/87 | 6#wEi | 0 0 10
29/11/87 | (S)Ei 0 0 10 Lowrie Island | 9/11/82 0 0 0 10
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TABLE 6 (Cont.)
pa [
= = = = = -]
2e| 82| 28 2o | 2| ES
Rookery | Date = 2 > 8 E g Notes Rookery Date S 2 > €| B E | Notes
$f 5% 53 £3 | 25| 52
& g ® g g 2 ) o g S g
zZ Z Z o < 3 zZ | za| <3
Hay 9/11/82 0 0 0 10 Slaﬁe'u 12/11/79 0 0 5
Island | yo/11/ga | 2puEi | 0 0 10 vie lsausil o 0 0 10
Hannah | 27/11/76 0 0 0 5 8/12/87 0 0 10
I1sland o1l /82 0 ] 0 0 10 lS;]z;};]glon 29/6/80 0 0 10
T 0 p 5 m o 13/11/84 | 2#uCm | 0 0 10
Pelican | 28/11/76 | 0 0 0 5 Toaee0es [ 1amuga | 0 0 0 10
tstand 1 26681 0 0 0 19 Noblels- | o181 | o 0 0 10
1tEil | land
9/11/81 . Nd 0 0 10 Rhodda Cay | 27/6/81 0 0 10
eI Wilson Cay | 27/6/81 0 0 10
16/11/83 | L EM 0 12 Howick | 53079 | 0 5
= ' 1sland =
V12/87 | 2w Ei 0 0 10 1olm Island | 14/11/79 0 0 5
Stainer 11/6/84 0 0 0 5 Bambrd
y 14/11/79 0 0 5
Island "y5/1 /84 | 381 Ei 0 0 10 Island
7/12/87 0 0 0 10 _Efl&lc Islet 27/6/81 0 0 10
Kin North
e 14/11/84 0 0 10 Direction 28/6/81 0 0 10
Island | "~ [island
e e 0 0 10 South
2 Direction 28/6/81 0 0 10
Stanley 25/2175 0 0 2 Island
Island 18/11/81 0 0 0 10 Rocky Islet | 28/6/81 0 0 10
Flinders | 24/10/79 0 0 5 | 14/12/82 0 0 0 10
Island 18/11/81 0 0 0 18 Three Isles | 2112775 0 0 2
15/11/84] 0 0 10 Y e lsle | /6780 0 0 10
9
Pipon | 22/2/75 0 0 0 2 Lowlsland | 22/10/79 | 0 0 5
Island [ 59/6/g] 0 0
b 10 Michelmas | 1/6/80 0 0 10
14/11/84 0 0 10 LC"Y 30/6/81 0 0 10

rookeries occurring together in feeding grounds
in northern Australia and adjacent castern
Indonesia (Limpus et al., 1992). For example,
adult female C. mydas have been eaught off
Coburg Peninsula in the Northern Territory that
had been tagged while nesting at Raine Island,
Lacepede Islands in Western Australia and south
castern Java; others have been caught in the Kei
[slands of Indonesia that had been tagged while
nesting at Raine [sland and at the Turtle Islands of
Sabah,

HOW LONG HAS RAINE ISLAND BEEN A
CHELONIA MYDAS ROOKERY? Prior to the
last Holocene transgression of some 10,000 yr
ago, a turtle swimming up to the reef on which
Raine Island now lies would have been
confronted with preeipitous cliffs rising to
perhaps 45m or more above the then sea level

with no beaches suitable for turtle nesting.
Indeed, there may have been no suitable beaches
for turtle nesting anywhere in the vieinity. The
present day Raine Island and the other islands of
the northern outer Great Barrier Reef have
formed since sea levels stabilised at an upper
level approximately 6,000 yr ago and slowly
receded about [m to their current level more than
4,000 yr ago (Hopley, 1983: Chappel, 1983).

Clam shells (Tridacna sp. and Hippopus
hippopus) embedded in the surface of the
phosphatic limestone platform of Raine Island
have been carbon dated to a ealibrated age B.P. of
1130 + 210yr at the western end of the island and
as low as 590 - 630 = 70yr at the eastern end of the
island adjacent to the tower (Limpus, 1987;
Polach et al., 1978). Deeper layers of rock are
presumed to be older. The other sand cays of the
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FIG 14. Fossil remains of an adult sized Chelonia mydas
(femur) found at the westem end of Raine Island in a
bedding plane approximately 60cm below a clam
carbon dated to 1130yr B.P.

northern outer barrier reef are presumed to be of
similar age to Raine Island.

Turtle eggs in nests fossilised in situ were
reported during the quarrying of the phosphatic
limestone platform at the eastern end of the island
for the construction of the beacon (MacGillivray,
1846; Jukes, 1847). This quarry site is adjacent to
the beacon and within 50m of the collection site
of the elams dated 590-630yr BP. These clutches
of turtle eggs must have been laid at least 460 yr
before their discovery in 1844,

The weathered fossil remains of an adult-sized
C. mydas that had died plastron down and whose
skeletal remains were relatively undisturbed
prior to being covered by sand were found in a
horizontal bedding plane approximately 60em
below the elam dated at 1130yr BP, (Limpus,
1987) (Fig. 14). Fragments of turtle bone and bird
bone can be found in almost every large
phosphatic limestone rock at the margin to the
central rock platform of Raine Island.

Death of nesting turtles ashore for nesting
attempts has been observed annually on Raine
Island during the reeent studies and in scasons of
high nesting density there may be >1,000
skeletons added to the islands sediments (Table
6). Most of these are scattered as individual bones
by subsequent nesting turtles. Only the skeletons
of turtles that die in the eentral depression of the
roek platform are likely to be left relatively
undisturbed (Fig. 15). It is also only during
seasons of high nesting density that numerous
turtles enter the eentral depression and die there
of heat exhaustion. Raine Island and Moulter Cay
are the only turtle rookeries of the GBR where
nesting turtles die in large numbers and where

FIG 15. Skeletal remains of an adult female Chelonia
mydas thal had been disoriented and died of heat
exhaustion in the central depression of Raine Island.
This carcass, photographed in December 1987,
originaled from a turtle that died during the 1984-85
breeding season. Skeletal remains in this central arca of
the island have the potential for being left undisturbed
for years and subsequently buried.

turtle bones are a characteristie of the beach
sediments. This turtle mortality is a funetion of
the high density turtle nesting that oceurs on these
islands. The first aceounts of Raine Island from
1843-4 prior to quarrying for construction of the
beacon (MaeGillivray, 1846; Jukes, 1847)
described Raine Island with its turtle bones and
dead turtles in a manncr consistent with its
appearanee today. Numerous turtle remains and
dead and dying turtles have impressed sub-
sequent visitors to Raine Island in 1845 (Allen &
Corris, 1977), 1874 (Moseley, 1879), 1890 (Ellis,
1936), 1913 (MacGillivray, 1917) and €.1953-6

(Fig. ).

Taken together these observations indicate that
Raine Island has supported a high density C.
mydas rookery with associated frequent adult
turtle mortality for long before its disecovery by
Europeans and indeed, for at least 1190+ 210 yr
B.P. (Limpus, 1987). However turtles eould not
have been using the island for nesting for more
than about 4000 yr (the time that a sand island
could have existed on this recf). This is the only
marine turtle rookery in Australia with long-term
evidence of nesting prior to European colonisation,
Because of this fossil evidence for past nesting,
Raine Island has the longest eontinual reeord of
use as a marine turtle rookery anywhere in the
world (Groombridge & Luxmore, 1989).

The origin of the turtles that eolonised Raine
Island after its formation perhaps 4000 yr ago has
not been elueidated as yet by genetie studies of
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TABLE 7. Numbers of adult female Chelonia mydas tagged and recaptured while nesting at Raine Island
1974-2001. AE indicates turtles tagged by Applied Ecology P/L. All other tags applied by QPWS. OR denotes
tagged turtles recorded during Operation Raleigh. * denotes migration recaptures of nesting turtles previously
tagged at foraging area. In no season was an attempt made to tag the entire nesting population. For remigrant
turtles that changed rookeries between breeding seasons, the original rookery was identified: CS = Coral Sea
Platform; MC = Moulter Cay; MM = Milman Island; MP = Moore Park; N7 = No. 7 sandbank; N8 = No. 8
Sandbank; RI = Raine Island.

Within Remigrant
Brecding season New turtles to| Total turtles
season R New tags rookery Same rookery Rzokcry Retag rookery with tags
change change
1974-75 Fcb-Mar 151 151 151
1975-76 Nil
1976-77 Dec 2420 0 0 0 0 2435 2435
15 AE
1977-78 Dec 53 0 0 0 0 114 114
61 AE
1978-79 Dec 490 0 0 0 0 888 888
398 AE
1979-80 Oct-Dec 1766 0 1 0 0 1766 1767
June 1 0 0 0 0 1 1
1980-81 Dcc 284 0 0 0 0 284 284
June 1 0 0 0 0 1 1
1981-82 Nov-Dec 2589 0 ; 18\E 1 MC 4 2591 2603
Jul 2 0 0 0 0 2 2
1982-83 Nov-Dec 1586 0 8 0 7 1586 1601
April 6 0 0 0 0 6 6
1983-84 Apr 80 0 0 0 0 80 80
1984-85 Nov- Dec 2;?8 0 59 0 25 2460 2544
1985-86 Nov- Dee lt13§3 2MC 31 I N8 30 1857 1918
1986-87 Nov- Dec 1447 0 80 1 N8 177 1460 1717
120R
1987-88 Jul- Aug 4 0 0 0 0 4 4
1988-89 Nov-Dec 1859 0 63 0 29 1859 1951
1989-90 Dec 769 0 264 0 4 769 1037
1990-91 Dcc 1210 0 148 1 MC 24 1211 1383
1991-92 Dcc 980 0 227 0 17 980 1224
1992-93 Dec 1689 0 129 0 14 1689 1832
1993-94 Dec 1659'3 0 152 1 N7 5 1600 1757
1994-95 Dec 991 0 31 1 N7 1 992 1024
1995-96 Dec léll§5 0 136 3IMC 43 1489 1668
1996-97 Nov-Dec 13(34 0 289 2MC 28 1675 1992
Jan-Feb 719'6 0 91 3N8 5 800 896
1997-98 Nov-Dec 1022 0 387 1 N8 11 1029 1427
5* 1CS
1998-99 Nov-Dec 1599 0 156 0 31 1599 1786
1999-00 Nov-Dec 1160 0 847 7MC 29 1191 2067
17* 3 MM
3IN7
I1N8
2000-01 Nov-Dec 6]6*4 0 72 0 19 665 756
2001-02 Decc 1145 1] 443 3 N8 27 1158 1628
4% 2M
2 N7
1 MM
1 MP
Total 33817 2MC 3622 16 MC 530 34392 38544
474 AE 12 OR 1 AE 10 N8
47* 7 N7
4 MM
1 MP
1 CS
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TABLE 8. Numbers of adult female Chelonia mydas tagged and recaptured while nesting at Moulter Cay,
northern GBR, 1974-2001. See Table 7 for definition of codes.

I Within | Remigrant N l - |
reedin, season ew turtles to | Total turtles
seasong s New tags 1’310;'-:3’ Same rookery l}:ﬁgﬁgz Retag rookery with tags
1974-75 Mar 6 0 0 1] 0 6 6
1976-77 Dec 425 SRI 0 1] 0 430 430
1977-78 Dec 64 AE 0 0 0 0 10 10
1982-83 Dec 2 0 0 0 0 2 2
1984-85 Dec 1 Rl 1 1
1985-86 Dec 131 11 RI 0 0 0 142 142
1986-87 Dec 174 8 R1 1 2RI 11 184 196
1988-89 Dec 98 1RI 0 2RI 0 101 101
1989-30 Dec 72 0 1 0 0 72 73
1990-91 Nil
1991-92 Nil
1992-93 Dec 48 0 2 1R1 2 49 53
1993-94 Nil
1994-95 Nil
1995-96 Dec 94 2RI 2 1Rl 3 98 103
1 N7
1996-97 Nil
1997-98 Dec 109 13RIl 1 SRI 0 128 129
1 MM
1998-99 Dec 194 2RI 0 I RI 1 197 198
1999-00 Dec 132 3Rl 1 7RI 0 143 144
1 MM
2000-01 Dec 81 0 0 1RI 2 82 84
2001-02 | Dec 272 SRI 5 0 | 2 77 291
Total 1844 S0R1 13 21RI1 21 1922 1956
4 AE 1 N7
2 MM A

world wide C. mydas populations (Bowen et al.,
1989; Norman et al., 1994a.b). Given the
precipitous nature of the coastline for that part of
Australia in prc Holocene times, the present day
rookeries are not the result of a gradual shift of
beachcs with rising sea levels. Entirely new beaches
became available for colonisation following the
sea level risc while others, presumably furthcr
afield, were submerged. This emphasises the
capacity for C. mydas to colonise new rookeries
that were not natal beaches in response to slow
changcs in sea levcl. The process by which turtlcs
locate and/or choose a new rookery site following
the elimination of an existing one has not be
addressed by present studies.

COURTSHIP. C. mydas courtship observed during
expeditions to Raine Island is summarised as
follows:

1979. 29 October - 9 November: Mating pairs of C. mydas
were a comon sight in the deep water just outside the reef
edge; two pairs of mating C. mydas were captured while
stranded on the reef flat. 13-14 December: No eourting

turtles were observed, although the females were still
aggregated in large numbers over the reef and beyond the
reef edge.

1980. 8-13 December: No turtle courtship observed on or
near Raine Island Reef.

1982. 13-31 July: One mounted pairof C. mydas observed
adjacent to Raine Island Reef. 11 November - 10
December: Courting C. mydas were observed adjaeent to
Raine 1sland reef on only a few occasions in mid
November.

1984. 3-26 April: No courtship observed on or near Raine
Island Reef. Vertical aerial photographs of Raine Island
from October 1984, commissioned by the Raine lsland
Corporation, show hundreds of large turtles aggregated in
the shallows of the reef flat adjacent to the island. The
aggregation in these images resembled of aggregations of
mating C. mydas observed by the authors at rookeries in the
southemn Great Barrier Reefand the Wellesley Group in the
southem Gulf of Carpentaria.

1985. 9 & 16 December: During underwater observations,
adult male turtles were scldom seen (2 males out of 36 C.
mydas examined). One male had reeent courtship damage
(Limpus, 1993) to tail and flippers.
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TABLE 9. Adult female Chelonia mydas tagged and recapturcd while nesting at other outer barrier cays in the
northern GBR, 1974-2001. See Table 7 for definition of codes.

o Within Remigrant
reeding season New turtles to
s | Month New tags réi?;}? STy ltazlr(‘zrey Retag rookery T(v’v?zlh t:xax;lses
Maclennan Cay
1978-79 Dec 22 AE 0 0 0 0 4 4
1988-89 Dec 8 0 0 0 1] 8 3
Subtotal 102 AE 0 0 0 0 12 12
No 7. Sandbank
1976-77 Dec 1 0 0 0 1] 1 1
1986-87 Nov 74 0 0 0 0 74 74
1987-1988 Nov 62 0 0 0 0 62 62
1988-89 Nov 26 0 0 0 0 26 26
1990-91 Dec 12 0 0 0 0 12 12
1192 Dec 89 0 0 0 0 89 -
1992-93 Dec 53 0 0 0 0 53 53
1995-96 Dec 70 0 1 0 2 70 73
1996-97 Dec 50 0 11 3 N8 0 53 64
1997-98 Dec ‘:f 0 2 0 0 46 43
Subtotal 4183 0 14 3 N8 2 486 502
No. 8 Sandbank
1976-77 Dce 15 0 0 0 0 15 15
1979-80 Dec 34 0 0 0 0 34 34
1981-82 Dec 1 0 0 0 0 1 1
1982-83 Dec 71 0 0 0 0 71 71
1986-87 Nov 102 0 0 0 4 102 106
1987-88 Nov 122 0 0 0 0 122 122
1988-89 Nov 30 0 0 0 0 30 30
1989-90 Dec 10 0 0 0 0 10 10
1990-91 Dec 24 0 2 0 0 24 26
1991-92 Dec 70 0 0 0 1 70 71
1992-93 Dec 60 0 3 0 0 60 63
1995-96 Dec 77 0 1 0 2 77 80
1996-97 Dec 53 0 1 1N7 0 54 55
1997-98 Dce 67 0 3 0 1 67 71
Subtotal 736 0 10 1 N7 8 737 755
Ham Cay
1981-82 Dec 1 0 0 0 0 1 1
Bramble Bay Cay
1989-90 Jan 110 0 0 1RI1 0 111 111
Total 11:‘11 0 24 :; ;Ig 10 1347 1381
1Rl

1986. 22 November - 16 December: Several courting pairs
of C. mydas were observed daily during the early part of the
study. No mating pairs were seen after 8 Decemnber. During
underwater observations on 10 and 14 December, adult
male turtles were seldom scen (5 males out of 263 C.
mydas examined).

1987. 10 July - 19 August: Four mounted pairs of C. mydas
observed, two pair cach with an attendant male. 28

November: One pair of courting C. mydas secn on No.7
Sandbank Reef. None seen on No.8 Sandbank Reef. 30
November - 5 December; Only a few isolated pairs of
courting C. mydas obscrved adjacent to Raine Island.
During underwater observations on 1-5 December, adult
male turtles were rarely seen (only 5 males out of 1144 C.
mydas cxamined during speedboat transeets).
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TABLE 10. Adult female Eretmochelys imbricata tagged while nesting at coral cays and continental islands
along the inner shelf of the northern GBR, 1975- 1989. No Chelonia mydas werc tagged while nesting on the

inner shelf islands during this period.

=g ' Within Remigrant N i .
reeding season ew turtles to | Total turtles
season I Month | e g ?};ﬁ;’g Same rookery %:::;‘;y Retag rookery with tags
Farmer Island
1985-86 Dec 2 0 | 0
1987-88 |  Nov 2 0 | 0 0
Sir Charles Hardy Islands
1981-82 July 1 0 0 0 1 1
Bird Island
1974-75 Mar 3 0 0 0 3 3
1976-77 Dec 3 0 0 0 3 3
Boydong Island
1976-77 Dec 1 0o | 0 [ 0 I 1
Milman Island
1976-77 Dec 6 0 6 | o
Combined | 18 0 0 0 | 0 18 18
— == =

1989. 28 November - 07 December: No courting turtles
observed on or near Raine Island Reef.

1991. 29 November - 10 December: 2 courting pairs near
Raine Island Reef.

1992. 29 November - 10 December: 3 courting pairs near
Raine Island Reef.

1993. 29 November - 10 December: 3 courting pairs near
Raine Island Reef.

1994. 30 November - 9 December: 2 courting pairs near
Raine Island Reef; 12 males with courtship damage
captured during reef survey.

1995. 5 - 13 December: No courting turtles obscrved on or
near Raine Island Reef; 21 males recorded during recf
survey.

1997. 29 November - 6 Dccember: 2 courting pairs
observed near Raine Island Reef; 2 males recorded during
reef survey.

1999. 28 November - 11 December: 1 courting pair
observed near Raine Island Recf; 4 males recorded during
reef survey.

2000. 28 November - 9 December: | courting pairs
observed near Raine Island Reef; 2 males recorded during
reef survey.

2001. 1 - 10 December: No courting turtles observed on or
near Raine lslamnd Reef 0 males recorded during reef
survey.

Courting C. mydas were rarely observed atany
of the othcr rookeries of the northern outer barrier
reef after mid November. The only time when
frequent courtship was observed was in latc
October - early Novembcr. This is consistent with
the pattern of eourtship relative to nesting
observed in the southern GBR where C. mydas

aggregates for courtship during latc Scptembcr,
October and early November, after which
courting turtles are rarely scen (Limpus, 1993).

Insufficient courtship was in evidence close to
Rainc Island and Moulter Cay to account for the
large nesting population. No fisherman reported
seeing aggregations of hundreds of courting pairs
near these islands, which would be expected if
the turtles courted adjacent to the rookeries.
Reports from fishcrmen indicated high density
courtship occurred in the shallow protected
waters north of Capc Grenville in October. The
Torres Strait islanders encounter large numbers
of courting C. mydas during Scptember, October
and early November throughout Torres Strait.
This favoured turtle hunting timc is called
‘turtlefast’, i.e. the time when the male turtle is
fastcned onto the femalc (Johannes & Macfarlane,
1991). The years witha big turtle-fast correspond
to the high density nesting scasons and poor turtle
fast years are the years in which low density turtle
nesting occurs. There is insufficient C. mydas
nesting within Torres Strait to account for the
courtship that occurs there. Therefore it is
concluded that the majority of the courtship that
occurs within Torres Strait is by turtlcs that nest at
Rainc Island and Moulter Cay. If this is the case
then significant levels of courtship could be
occurring up to 200km from the rookeries. This
spatial scparation of the courtship area from the
immediate vicinity of the femalc’s rookery
characterises much of the C. mydas courtship in
the southern GBR (Limpus, 1993).
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TABLE 11. Raine Island. Summary of turtle nesting accounts by month to determine the seasonality of the
Chelonia mydas nesting. Unless otherwise stated the raw data has been obtained from the recent surveys of
nesting density - Tables 2-4.

Month Year Day Observations
July 1843 29 A few turtle tracks (Jukes, 1847)
1844 Turtles occurred at irregular intervals, generally singularly (MacGillivray, 1914)
1911 9-15 | No reference to turtle nesting or to bird predation on hatchlings (MacGillivray, 1914)
1957 20-25 | Average S turtle tracks per night (Atienborough, in Litt. 4 Apr.1981).
1982 13-28 | 0-2 turtles per night.
August 1844 Turtles occurred at irregular intervals generally singularly (MacGillivray, 1914)
1871 31 No refercnce to turtle nesting (Moseley, 1879)
September | 1844 Beginning in September they become more numerous (MacGillivray, 1846)
1984 1 7 tracks
October 1910 30 Great numbcrs of turtles are on the beach and in the shallows around the boat (MacGillivray, 1910)
1975 Early |Approximatcly 50 females per night
1979 30-31 | 381 - 451 tally count
1986 17-18 [123-137 tally count
November 1965 Was abl? to step or d’ump from turtle to turtle while a companion walked 100 paces beside him (P. Wat-
son, pers. comm. 1979).
1973 1-3 | About 150 - 200 females per night (track count, Stoddart et al. 1981)
1974 29 11565 female on shore
1977 early | Approximately 40 - 50 females per night
1979 1-9 | 410 - 444 tally count
1981 12-30 | 906 - 2757 wlly count
1982 13-30 | 452 - 1095 tally count
1984 21-30 [5179 - 7739 tally count
1985 25-30_[119 - 308 tally count
1986 13-30 | 1284 - 4565 tally count
1987 30 13296 tally count
1989 29 [5919 tally count
December 1913 4-12 | Reference to obvious frequent clutch destruction by nesting turtles. Turtles abundant in the shallows and
beach edge and the party ‘tormented at night by the nesting turtlcs who persist in trying to walk over or
under our sleeping shelter’. While at Moulter Cay ‘thousands of turtles” came ashore (gr the night
(MacGillivray, 1917). Moulter Cay described as a ‘turtle- infested sand-bank’ (MacGillivray, F918b).
1976 2-6 | 845 - 898 tally count
1977 3-7 |19 - 53 females per night
1978 1-5 | 148 - 327 females per night
1979 13-14 | 1211 - 1482 tally count
1980 8-12 |80 - 83 females per night
1981 1-13 [ 1287 - 3463 tally count
1982 1-7__ [809 - 1091 tally count
1984 1-23  |3916 - 11467 tally count
1985 1-20 1142 - 323 tally count
1986 1-15 12910 - 4838 tally count
1987 1-5 2312 - 4585 tally count
1988 1-7 | 516 - 1088 tally count
1989 5-7  [5925 - 6516 tally count
January 1845 28 14 large turtlcs collected (MacKenzie, 1845).
1953-67 (May hr;gltseen February) Estimated 10000-12000 green turtles ashore in one night (V. Vlassoff, pers.
comm,
1959 Dense turtle nesting sufficient to allow people to *walk long distances along the beach from turtle to tur-
tle’ (E. Gray, pers. comm, 1983). At least 1100 turtles counted in one walk of the island in one night (N.
Whittaker, pers. comm. 11 Aug. 1983).
1974 Late |Several hundred turtle tracks counted by daylight (Ben Cropp, pers. comm. 1975)
1976 29 Approximately &0 tracks (J. Kowarsky, pers. comm. 1977)
Fcbruary 1959 | 7-14,22 | *Hundreds were coming ashore after dark” (Warham, 1963)
March 1975 1-3  [408 - 517 females per night
1981 1-9 |10 - 36 females per night
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April 1980 8 1 - 2 females per night
1983 25-29 |1 - 8 females per night
1984 3-26 | 2-17 females per night
April-May | 1845 28-4 | Estimated harvesting rate = 2 turtles per night, caleulated from Sweatmans account. (Allen & Corris, 1977)
May | No Records
June 1844 Turtles occurred at irregular intervals generally singularly (MacGillivray, 1846)
1980 9-23 | Average < | female per night
1981 7-18 | Average < | female per night

Only 45 adult male C. mydas have been tagged
at Raine Island and adjacent islands (Table 12).
All of these were breeding males that were
captured in courting groups or had recent mating
sears on their flippers or tails. Adult males have
been recorded only at low density adjacent to
these outer barrier rookeries in the northern GBR.

BASKING. C. mydas at Raine 1sland were not
observed to haul out onto the beach or onto the
reef flat at low tide to bask during any visit. In
contrast, vertical acrial photographs of Rainc
Istand from October 1984 show about 100 adult-
sized turtles, presumably C. mydas, secattered
along the tide line of the beach. While most were

in the water, tens were above the tide wash. On
very calm days during the nesting season large
numbers of adult turtles could be seen floating
high (with dry carapaces) at the surface for
extended periods at the reef edge and over the
adjaeent dcep water. This behaviour is defined as
surface basking and is presumed to have a
thermoregulatory function. Aggregations of surface
basking turtles were only obscrved adjacent to
Raine Island Reef and Moulter Cay Reef.

Beach basking is a prominent behaviour of C.
mydas at the Wellesley lslands of the south-
eastern Gulfof Carpentaria (Limpus ctal., 1994a;
Bustard, 1972) and on the Capricorn-Bunker

TABLE 12, Summary of non nesting turtles tagged on Raine Island reef and other reefs of the far northern GBR.
AE = tagged by Applicd Ecology P/L. This table does not include the mid ycar tagging of turtles at Clack Reef
that has been conducted as part of an independent study.

Size Class Size Class
i m Total Breedin A
Bé::gégg iloat Adal Ccl:meg;L for trip Seasong bk e C(l:rlrjmamc;L fgf alp
male | female S65¢m | <65em male | female >65cm | <65cm
Chelonia mydas Chelonia mydas
Raine 1sland Reef MacArthur Cay Reef
1977-78 | Dec | 0 0 1 0 1 198586 | Jul | 0 | o | o | 1 [ 1
1978-79 Dec 12 0 0 0 25 Clack Reef
12 AE LAE 1986-87 | Dec 0 0 2 3 5
1979-80 | Ot |3 0 1 4 1987-88 | Dec | 0 1 6 4 !
198283 | Jul: | 1 0 i I 3 ot R"Tf
1986-87 | Dec | 0 0 0 1 1 1985-89 Dec | 25 [ o [ o [ o [ 2
1 Howick Reef
RS i‘:}g 2 0 1 0 3 198889 | Dec | 0 | o | o | 4 [ a
[ Nov- 3 0 5 2 10 Beanley Reef
Dec 198889 | Dec | 0 | o | o | 2 [ 2
1988-89 Dec 0 1 0 1 Bewick Reef
s rgaevc B . 0 0 12 1988-89 | Dec | 0 0 0 1 1
| | Combined 27 3 8 15 63
Combined| 45 | 0 10 5 60 4AE | 6AE
Pipon Reef Eretmochelys imbricata
1974.75 | Feb | 0 | 2 | o [ o | 2 Corbett Recf
Milman Island Recf 198788 | Dec | 3 | o | o | o | 3
197879 | Dec | 0 | ©0 | 4AE | 6AE | 10 Bewick Reef
Maclennan Cay 1988-89 | Dec 0 0 0 1 1
197879 | Dec | 2 | 0 | o | o | 2 Combined | 3 0 0 1 4
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Group cays in thc southecrn GBR
(Barrett, 1919). Beach basking is also a
common bchaviour of the Hawaiian C.
mydas population (Balazs, 1980). This
contrasts with its apparent rarity within
the northern GBR C. mydas population.
This is not just a recent phcnomenon;
beach basking does not fcaturc in any of
the historical accounts of C. mydas inthe
northern GBR (sec above).

MORTALITY OF BREEDING
FEMALES ON THE NESTING
BEACHES

MORTALITY RATE. Thc earliest
records show that regular mortality of
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FIG. 16. Nightly mortality rate of adult female Chelonia mydas
ashore for nesting on Raine Island (Table 3) expressed as a
function of the nightly nesting density.

thc female C. mydas while ashore
attempting to nest has long been a

feature of Raine Island (Jukes, 1847; Mac-
Gillivray, 1846; Moselcy, 1879: Macgillivray,
1917: V. Vlassoff, pers. comm. 1981, fig. 11;
Warham, 1963). Tables 3-4 show that this adult
femalc mortality continues in present times.
From thcse tables, a comparison of daily
mortality and the number of turtles recorded
ashore was made (Fig. 16). Daily adult mortality
was dcpendent on the number of nesting turtles
ashorc on the previous night. Turtles did not
usually die if there werce less than 100 females
ashore for the night: 95% of nights with no
subscquent mortality; 5% with | death/day (n=43
days). Daily turtlc mortality was still low when
the nightly tally counts were in the range of
100-1000 turtles: 71% of nights with no
subscquent mortality; 22% with 1 death/day; 7%
with 2-12 dcaths/day (n=69 days). In contrast
when thc nightly tally counts exceeded 1,000
there was a substantial increasc in daily mortality
and there were few days with no turtle mortality:
7% of nights with no subsequent mortality; 2%
with 1 death/day; 91% of days with 2-75
deaths/day (n=126 days). Nightly tally counts
had to cxceed 800 nesting females before the
number of dead cxcecded 1/day. There was a
significant correlation between the daily mortality
and the tally count on the preceding night:

daily death rate = 0.003415*tally count - 1.376
(=0.526; d.f.=137. F, 137=152; p<0.0005)

Therefore, through the course of a summer
breeding season it can be expceted that daily
mortality rates will increase to a maximum
during the mid nesting season and then decline to
zcro as the scason draws to a close. Fig. 17 shows
the cumulative mortality during the early part of
six breeding seasons representing a wide range of

nightly ncsting density: 1981/82, 1982/83,
1984/85, 1985/86, 1986/87, 1999/00. With an
assumed pcak nesting not being complcted until
mid January then the cumulative 1981/82 adult
mortality could have been in the 400-500 range.
A count of carcasscs in July 1982 was 189 but
many carcasscs known to have been present
carlier in the scason had becn broken up and/or
buried. In April 1983 the 83 carcasscs rccorded
from the precceding breeding season was also an
underestimate because some known carcasses
had been lost in the sand, even though the
scason’s nesting density was lower. An
cnd-of-season count of carcasses is thus likely to
give a substantial undercstimatc of annual
mortality if thc count is not madc on a daily basis,
cspecially in ycars with high density nesting. The
large counts of turtle carcasses of 281 in
November and 588 in March of the 1974/75
nesting scason (Table 3) must be takcn as
underestimates of the adult mortality during t}]at
high density nesting season. The annual mortality
of nesting females on Raine Island probably is
expected to be negligible in very low density
nesting seasons like 1977/78 and 1985/86. It
could be approaching 100 in low density nesting
scasons likc 1982/83 and greatcr than 2000 in
very high density nesting seasons like 1984/85,
1996/97 and 1999/00.

In any one scason, far fewcr turtles die while
ashore ncsting at Moulter Cay than at Raine
Island (Fig. 17C, Tablc 4) and negligiblc numbqrs
dic annually at any onc of the other outer barrier
rcef cays (Table 5).

Mortality of adult femalc C. mydas while
ashorc attempting to nest at Raine Island is clearly
density dependent. This natural mortality
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accounts for several thousand breeding 200

females in high density nesting years
and a few hundred or less in the low
density nesting years.

CAUSES OF MORTALITY. Table 13
summarises the causes of mortality of
the breeding females ashore on Raine
Island. During the first 22yr of the
study, 1974/75-1996/97 seasons, dcath
from heat exhaustion of turtlcs that

150
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CUMULATIVE MORTALITY

1 = 198182 Season
1 = 1982/83 Season

sasansaes™"

were still ashore during the first few

hours of daylight was the principal il
cause of death (70-89% of adult turtles

dying). Included in these values are

TTTY YT T T T T T TP TP T T v T T T T vrrrrrs
15 20 28 30 5 10 15 20

NOVEMBER - DECEMBER

25

those turtles that died of heat ex- 1200

haustion in the central depression
(2-14% of adult turtles dying)., The
majority of the turtles died of heat
exhaustion on the beach platform. The
next most prevalent cause of mortality
was associatcd with the cliff line of the
central rock platform where 8-20% of
adult turtles died, mostly by falling
over the cliff onto their backs. Large
marine turtles cannot right themselves

1000
300
]

600

400

CUMULATIVE MORTALITY

200

1 - 1984/85 Season

] ~—1986/87 Season

-=-1985/86 Season

* 256

.,-"""/“x

“ 50

(]
10

when they are turned on their backs.
This regular mortality of adult turtles

that have come ashore at Raine Island

to nest resultcd from a variety of
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natural causes. Some turtles which e

found thcir way above the cliff during
nesting attempts fell on their backs or
became wedged between rocks on their
return to the beach while others
became trapped in the holes beneath
the rock layer. A small (unquantified)
proportion of these turtles was killed
because their carapaces smashed down
onto their heads and fractured their
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skulls when the fell head-first over the
cliff. The remainder, lying on their
backs in the sun with their palc
coloured plastrons upper most,
averaged 3.5 days to die (SD=1.71, n
= 33, Dec 1984). Those trapped in
caves and othcr shaded areas
somctimes took weeks to die. The cliff
is a natural feature of the island and was not the
result of quarrying for limestone to build the
beacon or of guano mining as stated by Stannard
(1985). The turtle mortality associated with the
cliff is the result of natural processes.

10

s¢asons.

The number of turtles that died by falling over
the cliff was minor compared to those that died
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FIG 17. Cumulative daily mortality of adult female Chelonia mydas
on Raine Island measured over the early portion of six breeding

* denotes total dead and dying recorded on arrival of the

study team at the island.

from heat exhaustion. Turtles that wandered
inland into or beyond the beach depression
encountered problems when endeavouring to
return to the sea. When in the bottom of this
depression, a turtle is exposed to an horizon line
at approximately 0° elevation when looking
parallel to the beach, but one at 13° when looking
seaward. Becausc marine turtles move towards
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TABLE 13. Observed causes of adult Chelonia mydas mortality on Raine Island. Percentage of total for
observation period are given beneath the raw values. NR = not reeorded. + indieates that only a portion of the
actual dead turtle for the scason could be accurately counted. * denotes turtles buried alive by other nesting
turtles. Rescued turtles that would have died without our intervention arc shown in brackets with an R prefix and

are included in the adjaeent count.

Cause of death
Study period Heat cxhaustion Fell over Trapped Total
dg:-gs;?:)n beach cliff log Bir;?&th In rocks é{:gﬁ;
1979: 29 Oct-13 Dcc 7 (14%) 33 (67%) 7 (14%) 0 2 (4%) 0 0 49
1981 11 Nov-12 Dec 3(19%) (6%’% ) U2 ((,{f;})%) & (&'g')%) 121.7%) | 8(52%) | 1(0.6%) 155
Whole season count on 27 July 26
1982: 12 Nov-9 Dec 3(14%) | 15(71%) | 3 (14%) 0 0 v} 0 21
Whole scason count on 27 July: 5 55+ 20 0 4 0 0 84+
1983-84:
Whole season count on 22 April: 9 33+ 43 0 7 1] 0 92+
1984; 22 Nov-23 Dec 17 2.0%) (73%1@ a é?f%) 1(01%) | 14(1.7%) | 12(14%) | 5(0.6%) | 838
1985: 24 Nov-20 Dec 0 8 ((gol")ﬁ) 2 (20%) 0 | 0 0 0 10
1986: 19 Nov-23 Dec NR 251 +2* 53 (16.7%) 12 (3.8%) 0 318+
. | (79.6%)
1987: 26 Nov-10 Dec 5(2.1%) 182 +1* | 32(13.6%) | 15 (6.4%) 0 0 0 235
(71.9%) (R14)
1995: 3-13 Dec 1(0.4%) | 201 (73.4%) 62 (23.0%) 6 (2.2%) 0 270
(R3) (R36) (R1)
1996: 27 Nov-11 Dec NR 596 (89.5%) 57 (8.6%) 13 (2.0%) 0 666+
1997: 29 Nov-10 Dec 22 (7.9%) | 107 (38.6%) 121 (43.7%) 27 (9.7%) 0 277
1998: 28 Nov-11 Dec 2 (6%) 116 (44%}) 16 (44%) 2(6%) 0 36
(R1) (R2) (R1)
1999: 28 Nov-12 Dec 10 (1.8%) | 240(43.1%) | 257(46.1%) 50 (9.0%) 0 557
| 2000: 30 Nov-10 Dcc 0 0 2 2 0 4
2001: Nov-10 Dec 92 (66.2%) 42 (30.2%) 5 (3.6%) 0 139

low elevation, bright areas on their return to the
sca (Limpus, 1971), the profile of the Raine
Island beaeh platform causcs the females in the
beach depression to move approximately parallel
to the water line for varying distances. Some may
wander the entire length of the island in the beach
depression before loealised irregularities of
topography lead them to the outer erest of the
beach and henee to the water. The net result is to
inerease the time taken to return to the water.
Turtles on the beach after daylight heat in the sun,
leading to loecomotory deterioration as
hyperthermia progresses, then ultimately death
ensues. Some of the turtles erossing the cliff line
entered the central depression and some of these
beeame disoriented and similarly wandered back
and forth across the eentral depression into the
daylighthours. These too died of heat exhaustion
as the day progressed.

Nesting females remaining on the beach
platform have been observed to die as early as

0930hr and all females that had remained on the
beach after about 1000hr, carapace uppermost,
were dead by approximately 1700hr. During
December 1989, six females that remained on the
open beach platform towards the middle of the
day were scleeted for study of lethal hyper-
thermia. Experience had shown that all such
turtles died within the eurrent day. Each was
fitted with a eore body temperature probe and the
temperature recorded at approximately
half-hourly intervals for several hours (Fig. 17).
The core body temperature inereased from
35.8°C at 1040hr to as highas 40.4°C in one turtle
at 1230hr. All turtles died when their core body
temperatures exeeeded 39°C. The time of death
varied from 1230hr to 1640hr (mode = 1445hr).
These temperatures contrast with the core body
temperatures of nesting turtles on the beach at
night, measured in eggs at the instant of
oviposition, that ranged from 26.0°C in early
November to 28.4-30.0°C in early Deeember
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TABLE 14. Core body temperature of nesting
Chelonia mydas on Raine Island as indicated by the
temperature of a freshly laid egg.

; Tempera'ture (°C) : 1
Date l:;;;h—'lyc::;? Alr | Water Sand ’
bodytemp.| | L .
Night time nesting turtles (2000-0200hr __
| 5Dec77 | 298 | 274 270 | 23.0___]|
6Dec77 | 296 27.2 | 280
TDec77 | 202 | 272 278 | 280
1Dec78 | 284 | 262 [ 272
30 Nov 79 260 27.0
INov9 | 260 | 265 26.0
6Nov7 | 260 | 2600
2Dec89 | 300 | | | |
Early afiemoon nesting turtle (1500hs)
3Dec89 | 330 | ~ |

(Table 14). A female that came ashore and nested
in the heat ofthe early afternoon had a highcrcore
body temperature of 33°C (Table 14). A turtle on
the beach in the hcat of the day has a dark
carapace surface cxposed to the sun and this
absorbs solar radiation that can heat the turtle to
lcthal temperatures. The carcasses continued to
heat post mortem as the day progressed. By
1500-1900hr the mean core body temperature,
measurcd during autopsy, of turtles that had dicd
carlier in the day was 41.4°C (SD =2.77, range =
32.2-54.4, n = 96). For the 1997/98-2000/01
seasons there was a substantial reduction in the
proportion of turtles dying from heat exhaustion
(0-47%) (Table 13). This change is believed to be
a direct consequence of the increased rainfall
associated with thesc latter scasons (Fig. 7). With
the overcast conditions and the

MEMOIRS OF THE QUEENSLAND MUSEUM

Inverted turtles take longer to attain lethal
levels of hyperthermia due to the reduced heat
absorption of their pale coloured plastrons. Some
turtles that have wandered into partly shaded
arcas have survived extended periods ashore
however exposed parts of their bodics have been
extensively sunburned (to the extent that scutes
and underlying tissue peeled from their bodies).
The turtles trapped in the deeper caves beneath
the phosphatic limestone platform are not
subjceted to heat stress and probably die from
dchydration,

NECROPSY RESULTS. All dcad turtles
examined by nceropsy at Raine Island werce adult
female C. mydas. All were gravid females with
enlarged mature follicles in their ovaries. All had
recently formed corpora lutea in the ovaries
consistent with having ovulated in the past 2-3
weeks. Some had oviducal eggs, all of which
were of normal ovipositional shell thickness.
Four cggs were removed from cach of 7 freshly
dead turtles, preserved in isotonic formalin
within 2 hr of collection and examined for stage
of embryonic development. All were at
cmbryonic stage 6, (middle gastrulation) which is
the normal ovipositional stage for C. mydas
(Miller, 1985). 1t must be concluded that only
females ready for oviposition come ashore at
Raine Island.

The enlarged vitellogenic follicles of the
ovaries of 2 freshly dead feinales were measured
in early December 1988 (Fig. 19). Therc was a
natural grouping of large yolked follicles that
were approximately the size of the yolks of post
ovipositional eggs. In both females these were
distinet from the remaining follicles which wcre

. . 42
cooling effectofrain, turtles were less

likely to overheat and die. 1 ‘ *::'mn:::;
Thus, thoseareas of the island that % ‘0} ~~Female 3
are surrounded by more clevated Z 394 ~Femaled
habitat can become traps that resultin é 38 3 i::‘"‘”:ez
the turtles not moving directly & . 3 -
seaward but wandering for cxtended £ = ]
distances. These disoriented turtles 3¢ 3
are at risk of dying from heat 35

exhaustion if they are still on the ;3

island during the heat of the day.
Similar disoricntation and fatal
hyperthermia have been reported for
turtles stranded bchind a mainland
mangrove zone by a cyclone tidal

surge (Limpus & Reed, 1985b). Time.
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FIG. 18. Core body temperatures of moribund Chelonia mydas
females that remained on the beach at Raine Island following nesting
attempts during the previous night. EST denotes Easter Standard
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FIG 19. Sizc distribution of yolked ovarian follicles in two Chelonia
mydas females (A & B) that died of heat exhaustion after remaining
on the beach at Raine Island following nesting attempts during the

previous night.

smaller than normal yolks. This larger size class
of yolked follicle is assumed to contain the
mature follicles from which thc successive
clutches were to be produced by cach female.
Both of these turtles had complete clutches in
their oviducts (clutch counts: A = 80, B = 100)
from the previous ovulation and sufficient mature
follicles in their ovaries for 4 or perhaps 5
additional clutches (mature follicle counts: A =
449, B = 420). These data suggest that by the
beginning of thc nesting scason or very early
within it, the fecmale has pre-formed all the
mature follicles she will require for the remainder
of thc season. If the number and/or weight of
yolked follicles >25mm in diameter at the
commencement of the migration from the
feeding grounds, during courtship or as she
arrivces at the internesting habitat adjacent to the
rookery could bc quantified, it could provide a
measurc of the reproductive potential of the turtle
without having to monitor it for months through
an entirc nesting season. The sizc of mature
ovarian follicles and corpora lutea (Tablc 15)
now forms the basis upon which dctermination of
reproductive status of femalcs eaptured in their
fecding grounds are made.

Additional observations of oviducal cggs and
ovaries in the necropsicd turtles at Raine Island:

1984, 4-23 Dec: Shelled oviducal eggs were present in
66.2% of the dead turtles (SD = 16.21%. n = 12 daily
samples totalling 310 turtles), regardless of the cause of
death.

1986, 22 Nov-16 Dee: of 27 turtles necropsied, 2 (7%) had
laid their entire cluteh and 25 (93%) were carrying oviducal
eges.

1988, 29 Nov-8 Dec: All 4 turtles necropsied
still retaincd what appeared to be complete
clutches in their oviduets (elutch counts =80,
100, 104, 113).

1989,29 Nov-8 Dec: of 99 turtles necropsied,
47 (47%) had laid their entire clutch, 6 (6%)
had laid only a portion of their clutch (8-33
eggs remaining in the oviduets), 46 (46%)
retained what appeared to be complete
clutches in the oviduets (mean clutch =99.8,
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SD = 13.85, range = 66 - 127, n = 45). Rain
during 1he first night increased nesting
success of turtles for this period. of 8 freshly
dead females examined on 8 Deeember, 5
appeared to have begun atresia of almost all
remaining mature follicles in the ovarics,
cven though eachhad sufficient large follicles
for several more clutches. This prompted
further examination of this issue in
subsequent scasons.

1994, 29 Nov-10 Dee: of 39 females necropsied, mean
ovidueal egg count = 98.9 eggs (SD = 21.76, range =
34-160, n = 39).

1995, 5-13 Dec: 0f 22 females necropsicd, 6 (27%) had laid
their entire clutch while the remainder still contained
oviducal eggs. At least 6 (27%) of the 22 sets of ovarics
cxamined contained mature follicles that had begun atresia.

1997. 29 Nov-6 Dec: of 52 females necropsied. 8 (15%)
had laid their entire clutch while the remainder still
contained oviducal cggs. At least 38 (73%) of the 52 sets of
ovaries examined contained mature follicles that had
begun atresia.

>29-32

1998, 19 Dec: The singlc fcmale necropsied had no
oviducal eggs and both ovaries had mature sized follicles
that had begun atresia.

1999, 30 Nov-11 Dec: of 66 turtles necropsied, 26 (39%)
had laid their entirc clutch. The remainder carried 41-134
ovidueal cggs consistent with having laid no eggs or having
been disturbed by other turtles or by unsuitable nesting
habitat after laying only part of a clutch. At least 38 (58%0)
of the sets of ovarics examined contained mature follicles
that had begun atresia.

2001, 1-11 Dec: of 16 females neeropsied, 9(56%) had laid
their entire elutch. The remainder carried ovidueal eggs.
Thirteen (81%) of the 16 sets of ovaries examined
contained mature follicles that had begun atresia. The
remaining 3 ovaries contained less than mature-sized
follicles that had begun atresia.

These data demonstrate that while
considerable variation cxisted (15-56%), fcw C.
mydas that died at Raine Island had successfully
laid an entire clutch during the previous night.
The majority died while still carrying oviducal
eggs: some died carrying reduced numbers of
oviducal eggs, consistent with having been
disturbed from a nest before a complete clutch
was laid; and others appearcd to be carrying
complete clutches.
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TABLE 15. Mcasurcments of mature ovarian follicles
and corpora lutca from adult female Chelonia mydas
that died while ashore for nesting on Rainc Island.
The corpora lutea were sclccted from the largest size
class, corresponding to the ovulation sites for the
follicles represented in the oviducal cggs present in
the turtles. The maturc follicles were selected from
among thc largest size class of yolked follicles (Fig.
19). Each structure was measured along its greatcst
diamcter.

i l\‘icasurcmcnt;(rr'lm) “
Date T T !
| Mean SD | Range | n
Mature follicles
| i2as | 3w 122 | 293335 | 20 |
171285 | 33.2 104 | 314349 | 10
Corpora lutea
13/12/85 147 | 233 [ 106196 10 |
171285 | 141 | 094 | 124156 | 10 |

Substantial proportions (27-81%) of the adult
female C. mydas attempting to breed in early
December had already begun resorption of at
least some of their mature ovarian follicles. In as
much as early Deccmber is in the first half of the
overall nesting season, these females would clearly
not be converting all mature follicles to eggs.

SIZE OF DEAD TURTLES. The size of nesting
C. mydas females that died on Rainc Island is
summarised in Table 16.

RESCUING MORIBUND TURTLES. During
the research at Rainc Island, the primary goal has
been to document the functioning of the nesting
population with the minimum of interferenee to
it. In this regard it was not a goal to rescue dying
turtles. However, in the normal coursc of the
work, when live turtles were encountered that
could be rescued easily, this was done. For
example in December 1984, over 100 females
were rescued. During the 1989-90 trip, 25
females were rescued. However in some years
few turtles died, as in the 1985/86 scason when
only onc was able to be rescued while five others
died in the 27 nights the team was on the island
during 24 November-20 December.

The simplest turtles to rescue were those on
their backs that simply required righting. This
could be accomplished by one strong person. If
the cliff margin was patrolled daily at dawn, all
turtles that had fallen on their backs during the
previous night could be released before 0830hr.
Turtles out on the open sand indaylight needed to
be dragged to the beach crest. This normally
required several persons working for more than
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TABLE 16. Curved carapace length of adult femalc
Chelonia mydas that died whilc ashorc for nesting on
Raine 1sland.

Year Month ]l; Curved car?pacc length (cm)
1 1 Mean SD | Range n
1976-77 | Dec | 1067 | 449 | 9951175 | 23
1979-80 | Dec | 107.5 | 6.10 | 9651180 | 36 |
1981-82 | Nov-Dee | 1060 | 512 | 90.0-1220 | 84
| 1987-88 | Nov-Dec | 1044 577 | 94.0-1145 | 54 |
| 1988-89 | Nov-Dec | 1025 | 442 | 950-1090 | 13 |
1989-90 | Nov-Dec | 1044 | 532 | 9251195 | 99
1991-92 | Dead | 1041 | 4618 } 944-1100 | 43
1992-93 | Dead | 1015 98.0-1050 | 2
| 1993-94 | Dead | 104.1 | 497 | 89.0-1158 | 53 |
199595 | Dead | 1047 | _5;(_)0_1 90.9-117.0 | 93
199697 | Dec [ 1041 [ 459 | 8961207 | 379
| 1996-97 | Jan-Feb | 1036 | 459 | 90.8117.8 | 415 |
199697 | Dead | 1039 | 459 | 89.6120.7 | 300
1997-98 | Dead | 104.7 | 539 | 94.0-130. | 103
1998-99 | Dead i|03.9 | 417 | 97.8-1138 | 12
1999-00 | Nov-Dec | 1050 | 4.89 | 91.7-119.7 | 366
2000-01 | Nov-Dec | 106.0 | 96.6-112.9 | 3
T T T SR |
| 2001-02 | Nov-Dec | 1042 | 568 | 8161194 | 90 |

15 min per turtle, and was very strenuous work. 1t
was debilitating to the research teamto attempt to
drag turtles across the open sand in the heat ofthe
day. In high density nesting seasons there were
often hundreds of turtles (sometimes over a
thousand) on the beach as late as 0700hr. Most of
these turtles suceessfully made it back to the
water. It was usually after 0900hr before the
turtles out on the open sand could be identified as
threatened by heat exhaustion. Even at this time
many ofthe turtles present still successfully made
their way back to the water without assistance.
However, by then it was also stressful for people
to be working over this hot sand, so few turtles
were rescued after 0900hr or before 1500hr.

If it were considered a priority to rescue
moribund turtles at Raine Island the following
summary points should be noted: only in high
density nesting scasons will there be numerous
nesting females dying on the island (most of the
mortality will oceur from mid Novemberto about
mid February); small numbers of moribund turtles
can be rescued by righting those turtles which
have fallen on their backs; most mortality occurs
on the open beach as a result of heat exhaustion,
not of turtles falling on their backs around the
eliff; to reseue a large proportion ofthe moribund
turtles would require a rescue team’s daily
presence on the island for months at mid season;
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PERCENT OF TURTLES
~
1

* RAINE 1S.
= MOULTER CAY

Each summer a small percentage of
the nesting turtles had been recently
mauled by sharks and the resulting
wounds were still healing when the
turtles were examined whilc ncsting
(Table 17). The degree of healing of
the majority of the wounds indicated
that they had probably occurred at. or
just prior to, the commencement of

nesting, possibly at courtship time.
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FIG. 20. Proportion of nesting female Chelonia mydas at Raine
Island and Moulter with recent shark bites. Data sourced from

Tables 3 & 17.

it is doubtful if most moribund turtles can be

rescued daily in high density nesting seasons
without some mechanical assistance.

SHARK PREDATION. During most summer
visits large tiger sharks (Galeocerdo cuvier) were
secn over the shallows of the reef flat and
adjacent to the cdge of the reef every day. Up to
five individuals (judged by size) were seen in the
one day at the western cnd of the island. Tiger
sharks regularly were seen scavenging on the
carcasses of turtles that had dicd while ashorc at
the beaconend of the island and then washed onto
the recf flat by high tides. Less frequently they
were observed to prey on live adult turtles. For
example, in December 1986, a school of 5 tiger
sharks attacked and killed an adult female C
mydas swimming over the reef flat adjacent to the
island. Not all turtles attacked by tiger sharks are
immedialcly' killed. One female (X43893) had
received a bitc which recmoved a portion of her
carapace over the right hind flipper to expose her
abdominal cavity. Her intestine was undamaged
but cxposed. When she was seen nesting on 26
November 1982, the wound was healing and
judged to have occurred at about the time of
courtship. While she was nesting she had an open
hole that permitted sand entry into her abdominal
cavity. It did not appcar to impedc her nesting
drive. The broad snout of the attacking shark
(identificd by tooth scars to the carapace)
suggestcd that she had been atlacked by a tiger
shark. Obscrvations such as this emphasise the
impressive capacity of the large marine turtles to
survive extensive injuries through shark attack. 1t
also illustrates the extent to which the female will
persist with her nesting drive in spite of
debilitation and disturbance.

8
MEAN NIGITLY TALLY COUNT (Thousands)

t—r——— While some ofthese injuries had been

9 10 caused by tiger sharks, others may
have been caused by the medium to
large whaler sharks (Carcharhinus
spp.) that occur in the arca.

Figure 20 illustrates the occurrence
of fresh shark bitcs on the nesting
turtlcs at Raine Island and Moulter
Cay (Table 10) with respect to the size of the
annual nesting population (December mean
nightty tally count for Raine Island has been
adopted as an index of population size; Table 3).
There was a strong negative correlation between
the size of the annual nesting population and the
proportion of turtles recently bitten. This is
further supported by the one small sample of
nesting females examined in mid year 1987 when
the nesting density was extremely low with less
than 1 turtlc/night ashore for nesting: 3 (43%) of
the 7 nesting females examincd had been recently
mauled by sharks (Table 17).

The nesting turtles with fresh shark bite
wounds rcpresent the survivors (Table 1) —
those that did not sustain a massive bite or a bite
lo a critical arca, The actual mortality rate caused
by shark bitc of adult female Chelonia niydas at
these rookeries remains unquantified. 1f the
proportion of turtles surviving bites is positively
corrclated with the proportion of turtles in the
population that arc killed by shark attack, then
these data suggest that there is a reverse density
dependence between the risk of shark attack and
the size of the annual nesting population. There is
less risk if the turtlc breeds in a high density
nesting season. However, the risk of being
mautcd by a shark is highest for turtles that nest
out sidc the main nesting scason and for thosc that
nest in low density nesting scasons. In addition it
suggests that in the event of a substantial
population declinc, the remaining turtles would
be at incrcased risk of shark attack when
aggregated for breeding, assuming that the shark
population remains stable and independent of the
size of the nesting turtle population.
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TABLE 17. Frequency of occurrence of recent shark
bites on nesting Chelonia mydas at rookerics in the
outer northern Great Barrier Recf.

= T ]
Rookery & date | NE;(:; lll::(lj“ T m’tlc:1 with recent shaﬂ:: bites “
Raine Island P — .
| Dectoso | e [ 10 3.5%
Nov-Dec1982 | 1600 | 13 081%
| Nov-Dec 1986 | 11032 2 020%
JulAug1987 | 7 3 e
| Now-Dec 1987 | 2287 1 031%
NovDec9 291 32 | 134% |
Nov-Dec 1993 11887 7 | 006%
| Dect1994 1346 6 045%
| Dec1995 w15 | s 0.11%
 NowDeciooz | 2 [ 2 003%
| NovDecl998 | a4 |12 | 03T%
Nov-Dec 1999 | 25283 10| 004% 1’
| Dec2000 | 756 | 8 __1.06%
| NowDec2oot | 95 [ i1 [ oamx
| MoulerCay S S
| Dec 1986 w8 | 3 | o1
| Dec1oor | a9se | 1 | oos%
| Dect9® | 42 | 1 | o»%

[ Dect99 | 844 | 0 0%
Dec 2000 84 | 1 119%
 Dec2o0l | 873 o e |

No.8 Sandbank — _
 Novioss | 30 o | o%
 Dec 1995 9 | a4 % ﬂ
Coeews [ s [ 2 [ e |
No.7 Sandbank
=" BV o N T
_ Dec 1986 Y S ") 0%

Nov 1988 % | o ow
 Dec 1995 73 0 0%
 Dec1997 | 108 o | o |

FLUCTUATIONS IN ANNUAL NESTING
. POPULATIONS

The most accurate method available at present
to measure the size of a turtle nesting population
requires a whole of season, total tagging census
of the rookery (Limpus et al., 2001). At Raine
Island this would require a nightly tagging census
from early October to about April. In most years
it would requirc numerous staff on the island for
more than 3 months to ensure that every turtle
ashore was accounted for without adding a major
disturbance factor to thc turtles. Such an
approach has not becn logistically or financially
feasible to date, and would probably cause
significant disturbance to the nesting sea birds.

MEMOIRS OF THE QUEENSLAND MUSEUM

Tagging at Raine Island has been restricted to
sampling a small portion of the total number of
turtles nesting during any visit.

The C. mydas nesting in eastern Australia is
confined essentially to a summer breeding season
that reaches a peak period of nesting density
during December and January (Raine Island:
Table 4; Bramble Cay: Limpus ct al.. 2001;
Heron Island: Moorchouse, 1933, Bustard,
1972.). At Raine Island the ncsting scason is
more protracted than in the southern GBR, but it
still maintains a mid summer peak of nesting
density. It has been demonstrated that the average
number of turtles ashore per night at a C. caretta
rookery within a standard mid season sampling
period can be used as an index of the total annual
nesting population (Limpus, 1985). Turtle
rescarch at Raine Island has been timed to include
a common annual sampling period in late
November to early December. The mean nightly
tally count during the last days of November and
the first two weeks of December (Table 3) will be
uscd as the index of the size of the annual nesting
population for the purposes of the present study.

C. mydas ncsting numbers have fluctuated
widely from year to year at Raine Island and
adjacent outer barrier reef cays (Tables 3-5). The
annual fluctuations in the mean tally count for
Raine lsland in the two weeks of late
November-early December is summarised in Fig.
21. In the mid-season of the very high density
nesting ycars, many thousands of females come
ashore nightly at Raine Island and Moulter Cay
(Fig. 22). As many as 11565, 11467 and 14519
nesting females have been recorded on Raine
Island in single walks of the beach (1974, 1984
and 1996 respeetively) (Table 3, Fig. 23). These
densities were equivalent to 6.4-8.1 females per
metre of waterline for the island. In contrast, ina
very low density nesting year, as few as 32
females on average have come ashore nightly
(1977) (Table 3). This was cquivalent to ! turtle
ashore per 56.3m of water line. The approximate
synchrony in annual fluctuations in the size of the
C. mydas nesting population encompasses the
entire GBR. This is illustrated by the high level of
svnehrony of fluctuations in total annual nesting
population at Heron Island in the southern GBR
and the carly December mean tally count at Raine
Island (Fig. 21). These two rookeries have the
most comprchensive census data recorded for C.
mydas in Australia.

The historieal records for Raine Island (see
above) contain some useful indications of
changing nesting population levels in past years.
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FIG 21. Annual variation in Chelonia mydas nesting density at
Raine Jsland and Heron Island. The mean tally count measured in
the first two wecks of Deceimber (solid line) is used as an index of
the size of the total nesting population, These data are derived from
Table 3. The nesting season is denoted by the year it commences.
The 1974/75 data were obtained from a single nights visit to the

island on 29 November 1974,

The November 1973 estimate by Stoddart et al.
(1981) of less than 200 femalcs beaching per
night at Rain¢ Island suggests that 1973/74 was a
poor nesting season. Whittaker cstimated the mid
season nesting at ‘as many as 1500 turtles ...
nightly’ (brecding scason not speeified) when he
applied in 1956 for a permit to harvest turtles
from Raine Island. This estimate is of a similar
magnitude as oecurred during the 1979, 1981,
1982 and 1992 breeding seasons. Ellis (1936)
described a seene consistent with up to a few
thousand, rather than ten thousand, nesting
females nightly at Raine Island during the 1890 to
1892 guano mining operation. In addition, there
are several reeords consistent with extremely
high turtle nesting density. MaeGillivray (1917)
deseribed a scene with immense numbers of
turtles in the shallows during the late afternoon
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2000 on 4-11 Deeember 1913 and further he

=
£ complained of being ‘tormented at night
1500 = by the nesting turtles, who would persist
2 in trying to walk over or under our
00 2 Sleeping shelter”. On 12 December 1913
2 he rccorded on nearby Moulter Cay
© ‘thousands of turtles climbing the
-500 & sandbank’ in the moonlight. Vlassofl
2 (pers.comm.), estimated 10-12 thousand
o

turtles ashore for the night during the
1955/56 season. While the aceuracy of
this estimate cannot bc cheeked, his
measure of about ten new turtles per
night falling on their backs along the cliff
line is eonsistent with a huge nesting
population as is his photograph showing
high density mortality in the central
depression (Fig. 11). Similarly Watson’s
(pers. comm.) account of a breeding
season in about 1965 when he stepped or
jumped from turtle to turtle while
Vlassoft walked 100 paees besidc him in late
November is consistent with nesting densities
greater than those recorded in most reeent
seasons, exeept perhaps 1974/75, 1984/85 and
1996-97. In 1987 and 1999, Watson’s method of
measuring turtle nesting density was repeated at
Raine Island and a stepping index reeorded for
nights with a range of nesting densities (Table
18). No more than 25 paces {rom turtle to turtle
could be made when tally counts of up to 7,010
were reeorded. From these considerations it
concluded that the 1974/75, 1984/85 and 1996/97
seasons with very high nesting densities were not
unique to reeent years for Raine Island. Based on
the historical data above and the reeent quantified
data (Tables 3-4) it is eoncluded that the annual
nesting density of C. mydas at Raine Island has

FIG 22. Early momning oblique aerial photographs of Moulter Cay, 7 January 1990, showing high density nesting

Chelonia mydas.
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been fluctuating widely over several orders of
magnitude for more than a century.

Limpus & Nicholls (1988, 1994, 2000)
demonstrated that the number of C. mydas
nesting on the eastern Australian rookeries in a
given year is a function of the El Nino Southern
Oscillation (ENSO) climatic events. The
Southern Oscillation Index (SOI), the
standardised difference in monthly mcan
atmospheric pressures between Darwin and
Tahiti, is used as a measure of the variability of
ENSO climate variation (Bureau of Metcorology
Australia, 2002). In testing for the best
corrclation ‘betwcen breeding numbers and
ENSO events, Limpus & Nicholls (2000)
identificd a significant corrclation linked to the
mean SOI value approximatcly 1.5yr before the
breeding season commences. This timc delay
between the climate event and the onset of
breeding is determined by thc duration of the
sequence of physiological processes that
culminate in egg production. A female that
commences laying eggs in November will have
migrated from her distant foraging area
approximately two months earlier. Before she
commenccd her breeding migration, she will
have depositcd yolk into the hundreds of mature
ovarian follicles that she will use for egg

FIG. 23. Views of Raine Island on the night of 20
December 1984 when the tally count was 11,467 turtles.
A, 1800 hr. There were alrcady hundreds of females
ashore even though it was still daylight. B, 2100 hr.
There were thousands of turtles ashore, mostly
wandering and digging while searching for a suitable
undisturbed nesling site. At times it was difticult 10
walk between the nesting turtles. C, 0600 hr. Mosi ofthe
nesting females had left the island but there were still
several thousand turtles ashore completing theirnesting
or returning to the sea. Many of the retuming turtles
were wandering along the beach depression parallel to
the water line towards the eastern end of the 1sland, i.c.
towards the low elevation bright horizon.

production. This vitellogenic process
commenced in about February and is completed
by about September. Prior to commencemcnt of
vitcllogencsis, the female will have incrcascd her
fat deposits during the prcvious months. This
present study extends the analysis of Limpus &
Nicholls (2000) using the more extcnsive eastern
Australian C. mydas ccnsus data now availablc
from 27 breeding scasons (Tablc 19). There
continues to be a significant lincar corrclation
between the mean May-October SOI approx-
imatcly [.5yr before the breeding season
(MOSOI) and the natural log of the annual grecn
turtle census data (census) from representative
rookeries at each of the eastcrn Australian
breeding aggregations (Fig. 24):
Raine Island:

In(census)=-0.1178*MOSOI + 6.8949 (F 2, =
19.48, p<0.001; r* = 0.4696);

Heron Island:

In(census) = -0.09243*MOSOI + 5.5755 (Fy 25
=29.89 p<0.001; r* = 0.5445).

It is not unreasonalble that a slightly grcater
proportion of the variability in the number of
breeding turtles is explained by the correlation
for the Heron Island ccnsus. The use of a
mid-scason index of ncsting numbers (Rainc
Island census) should show more variability than
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TABLE 18. A comparison of the stepping index and
the nightly 1ally count measure of Chelonia mydas
nesting density at Raine Island.

o i
e ’ b’\t;.ppmgg)dcx {number of paces) Tally count
| S dean | range n
30/11/87 ESN 3-5 4 3296 |
1/12/87 4.0 2-7 4 231280
2/12/87 4.2 3-6 5 4498
5/12/87 8.2 6-10 5 5011
28/11/99 4.7 4-5 3 5806
2911/99 | 7.7 6-8 | 3 5834
2/1299 | 20 15-25 2 7010
sw})g 15 15 1 6745 |

a total scason tagging census (Heron Island
census).

Limpus & Nicholls (2000) have demonstrated
that these fluctuations in the size of the annual C.
mydas nesting populations result from variability
in the proportion of adult fcmales present in the
distant foraging areas that prepared for breeding
in any particular year. Because ENSO is a
broad-scale regional climate event for the whole
of the Southeast Asia-Western Pacific region,
therc is synchrony in fluctuations in the annual
nesting populations at all C. mydas rookeries in
the region, not only in castern Australia but also
throughout Southeast Asia (Limpus & Nicholls,
2000; Chaloupka, 2001). Therefore, the
long-term census data for Raine Island and Heron
Island represent significant baseline measures
against which the size of nesting populations at
other C. mydas rookerics in the Southeast
Asia-Westcrn Pacific Region can be eompared.

The population census data recorded at Raine
Island and Heron Island (Fig. 21) illustrate the
difficulty of quantifying the stability of a C.
mydas nesting population. In the absence of the
1974 data, the annual nesting populations at both
these rookeries over a 15 yr period could be
interpreted as increasing. However, an inclusion
of the 1974 data negates that interpretation. There
has been a higher frequency of high dcnsity
nesting scasons since 1984 than in the ten
preceding years. The stability of these C. mydas
populations cannot be assessed by measuring the
size of the annual nesting population over a few
years or even over a decade. It will require several
decades of detailed monitoring of the size of the
nesting population before anything more subtle
than catastrophic decline of numbers can be
reliably demonstrated.
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REPRODUCTIVE DISCRETENESS OF THE
NORTHERN GREAT BARRIER REEF
CHELONIA MYDAS NESTING
AGGREGATIONS

Traditionally it has been assumed that marine
turtles return to breed at the beach of their birth.
Howecver, there are sparsc data on marine turtle
growth from birth to adulthood to demonstrate
the truth of this. There has been onc good case
history that provides eircumstantial evidence that
the major C. mydas rookery areas support
non-interbrecding populations. The once large C.
mydas population breeding at thc Grand Cayman
rookery of the Caribbean Sca was overharvested
to approximate extinction during the 19th
century and almost no C. mydas nesting has been
recorded there in the 20th Century. However, the
large Tortuguero C. mydas rookery of Caribbean
Costa Rica (approximately 1,000 miles away
from Grand Cayman) still functions at high
nesting density (Groombridge & Luxmoore,
1989). Turtles born at the Tortuguero rookery
have not been recruiting to breed on the Grand
Cayman beachcs.

Within Australia, Bustard (1972) postulated
that the nesting populations of the separate cays
of the Capricorn-Bunker Groups, southern GBR,
were non-interbreeding groups. The manage-
ment implieations of this were that each island
breeding unit could be managed independently of
the others. However, movements of breeding
turtles demonstrated by tagging-recapture
studies of courting and nesting turtles (Limpus et
al., 1984a, 1994b; Limpus, 1993) indicate that C.
mydas cannot maintain non-interbreeding
populations among a group of islands as closely
spaced as those of the Capricor-Bunker Groups.
In addition, as a result of temperature decpendcent
sex determination among marinc turtles and the
differenccs in beach temperaturcs, different
sexes of hatchlings can be produced from
different rookeries (Limpus et al., 1983c¢). This
latter study suggestcd that the warmer rookerics
of mainland south Queensland produce mostly
female hatehling Caretta caretta while the cooler
beaches of the adjacent coral cays of the
Capricorn-Bunker Groups produced mostly male
hatehlings. The entire assemblage of these
rookeries probably represented a management
unit comprising complementary rookeries for
Caretta caretta.

PROTEIN ELECTROPHORESIS. Using an
electrophoretic survey of presumptive protein
loei, Gyuris & Limpus (1988) demonstrated that
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TABLE 19. Annual eensus data for nesting green turtles, Chelonia mydas, at Heron Island representing the
southern Great Barrier Reef nesting population and Raine Island representing the northern Great Barrier Reef
nesting population. MOSOI denotes the mean May to October SOI (Bureau of Meteorology Australia, 2002)
from approximately 1.5yr before the breeding season; In denotes the natural logarithm. The Heron Island census
data are derived from a tagging eensus of the total annual nesting population. The Raine Island census data are
derived from the mean nightly tally eount (number of nesting females counted in onc walk of the island) for the
first two weeks of Deeember. These data are an extension of the data summarised in Limpus & Nicholls (2000).

SOl data Turtle Data
Year MOSO Breeding season ___Heron 1sland ~ Raine lsland
census In(census) census In{census)

1972 -13.6 1974 1121 7.02 - .
1973 9.5 1975 21 3.04 - -
1974 8.8 1976 355 5.87 872 6.77
1975 17.3 1977 46 3.83 32 3.47
1976 -5.4 1978 285 5.65 243 5.49
1977 -13.0 1979 | 513 6.24 1347 7.21
1978 4.0 1980 327 5.79 59 4.08
1979 -0.8 1981 378 6.78 2049 7.63
1980 -2.6 1982 139 4.93 925 6.83
1981 6.1 1983 125 4.83 = o
1982 -18.8 1984 1471 7.29 6493 8.78
1983 1.6 1985 42 3.74 227 5.42
1984 -1.2 1986 505 6.22 3956 8.28
1985 -1.0 | 1987 947 6.85 4102 8.32
1986 -0.1 | 1988 111 4.71 731 6.59
1987 -15.2 ; 1989 1009 6.92 6144 8.72
1988 11.2 | 1990 120 4.79 - -
1989 6.4 1991 602 6.40 3828 8.25
1990 1.5 1992 498 6.21 1417 7.26
1991 -10.6 1993 488 6.19 8462 9.04
1992 -5.7 1994 370 591 500 6.21
1993 -11.7 1995 632 6.45 4647 8.44
1994 -15.0 1996 | 1509 732 12100 9.40
1995 -0.6 1997 289 5.67 4067 8.31
1996 6.28 1998 351 5.86 471 6.15
1997 -18.1 1999 1801 7.50 6693 8.81
1998 947 2000 26 3.26 129 4.86
1999 2.9% 2001 | 3402 8.13

if reproductive isolation oecurred among the
Caretta caretta rookeries of the southern Great
Barrier Reef then the isolation was betwcen the
rookeries of the Swain Reefs and those of the
remainder of south Queensland. A similar study
of eastern Australian C. mydas was attempted.
Non-sibling C. mydas hatchlings from Raine
Island and other eastern Australian rookeries
were colleeted during the 1979/80 breeding
season for a collaborative study of the population
genetics of eastern Australian C. mydas with
Commonwealth Scientific and Industrial
Researeh Organisation staff (Cleveland
Laboratory). The specimens were inadvertently
destroyed at the laboratory before the study was

completed and no results are available. During
the 1982/83 breeding scason 21 non-sibling C.
miydas hatchlings were collceted at Raine Island.
Another sample of >50 non-sibling hatehlings
collected from Raine Island in April 1984 was
lost before analysis as the result of a freezer
power failure. An electrophoretie survey of 27
presumptive protein loci was made of the
available C. mydas hatchlings from Raine Island
and a similar series collected from Heron [sland
(Gyuris, 1984). This study identified low genetie
variability within the species but the results were
insuffieiently differing to rcjcet the nul
hypothesis of there being a single breeding
population of C. miydas within the GBR. The low
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Sandbank which lies north of Princess
Charlotte Bay, with the largest nesting
aggregations centred at Rainc Island
and Moulter Cay. Each stock is char-
acterised by a dominant haplotype
and all show very low levels of within
population variation. The dominant
haplotypes of thc nGBR and sGBR
stocks are shared at low frequency by
the other respective stock. This over-
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FIG 24. Correlation of the natural logarithm of the annual census data
recorded for northem and southern Great Barricr Reef Chelonia
mydas populations and the mean May-October Southern Oscillation
Index (SOI) approximately 1.5 years before the breeding scason.
Ccr]sus data (Table 19): for Raine Island, annual mean tally count
during the ﬁ_rst two wecks of December; for Heron Island, annual total
tagged nesting population. See text for regression equations and

goodness of fit statistics.

levels of electrophorctic variability in sea turtles
is such that it is not sensitive cnough to deliniate
reproductively isolated populations.

DNA ANALYSES. Thc application of mito-
chondrial DNA restriction analysis to Australian
C. mydas nesting populations at Raine Island,
Heron Island and Western Australia (Norman et
al., 1994a) reinforced the studies of Bowcen et al.
(1989, 1992) and Mcylan ct al. (1990) that
demonstrated that the nesting female returns to
breed in the region of her birth, Norman et al.
(1994a) further demonstrated that, while widely
separated femalc breeding aggregations were
genetically diffcrent, the nesting populations on
nearby islands could not be discriminated. Thesc
results werc subsequently corroborated by
mtDNA scquencing studies and microsatellite
nuclear DNA analysis by Norman et al. (1994b),
FitzSimmons et al. (1995, 1997a) and Moritz et
al. (2002). In particular, these studies have
identified that therc arc three scparate genetic
stocks that breed in eastern Australia in the
northern (1GBR), the southern GBR (sGBR) and
the Coral Sca Platform (Fig. 13). Each of thesc

stocks is also genctically scparate from each of

the other brecding aggrcgations tested from
within the Indian Ocean and Pacific Occan
basins. Torres Strait is identified as a stock
boundary with 100% genetic isolation occurring
between C. mydas breeding at GBR rookerics
and those of the Gulf of Carpcentaria. The nGBR
stock cncompasses rookeries from Bramblc Cay
in northeast Torres Strait south to at least No.8

SNSNAD HNIDOVL "SI NOUAH o

: lap in the distribution of the dominant

20 nGBR and sGBR haplotypes indicates
that a very low level of interbreeding
by females could bc occurring
between the two stocks. In contrast
there isno detectable female mediatcd
genc flow betwcen the cast Australian
and Gulf of Carpentaria-Western
Australian stocks.

FitzSimmons ct al. (1997b)
compared the mtDNA haplotypcs of
breeding male C. mydas at three
courtship arcas {Raine Island Recf, nGBR; Hcron
Island Reef. sGBR: Bountiful Island, Gulf of
Carpentaria) with mtDNA haplotypes from
ncsting females at the rookeries adjacent to cach
of these courtship areas. Thcy found that
breeding males were displaying comparable
philopatry to the courtship area as the nesting
females were to their ncsting beaches. A
comparison of rates of nuclear DNA genc flow
(malc and female mediated gene flow) and
mtDNA gene flow (fcmale mediated) among C.
mydas rookerics located around the Australian
coast (FitzSimmons et al., 1997a) identified that
the estimated rates of gene flow between stocks
were generally higher than cxpected for nuclear
DNA rclative to mtDNA. The differcnce was
most pronounced betwecen turtles from the nGBR
and sGBR stocks. It was proposed that the
atypical nuclear DNA difference between the
nGBR and sGBR stocks was most likely the
result of the geography of Torres Strait that
causcd a bottleneck for turtles migrating from the
west. Somc breeding females from the sGBR
stock migrate from foraging arcas in Arnhem
Land and Gulf of Carpentaria through Torres
Strait towards their traditional nesting area in the
southern GBR. Thesc sGBR fcmales could be
mated by males from the nGBR stock in the
Torres Strait courtship arca as the sSGBR lemales
pass through. Nuclear DNA genc flow could thus
occur between the stocks even though both the
males and females display comparable high
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TABLE 20. The geographical distribution of foraging arcas identified via tag recoverics of adult female Chelonia
mydas recorded nesting at northern Great Barrier Reefrookerics. * Tag recoveries from Torres Strait could also
include migrant turtles captured at courtship or turtles captured while migrating through the arca.

— — —— e ——— = — Sy
__ Rookery area - |
Foraging arca Northern GBR Stock
‘ (Recapture location) Eastern Torres | Raine Is+ | No.7 & No8 | Inner shelf,nth| . Southern GBR
- Strait l Moulter Cay Sandbanks BR l Total
| Indonesia_ ! 2 I 17 | - 19 ©
| Amhem Land & Gulf of Carpentaria_ | 2 | a0 | a4 e 46 e
Torres Strait* (PNG+Qld) , 17 [ a5 ’_ 6 R 239 | 15 —|
Eastern & northern PNG 3 14 2 1 “ 20 3
e L S 4
Vanuaty 1 I v 6
Fiji | | — o 2 |
New Caledonia | 2 B 2 | 3;
GBR: Cape York to 14°S | 3 60 41: N S B S %
(GBR: 14245 1 17 [ 9 L_ 298 |
Qld >24°S 3 1 3 109
New South Wales 0 | 1
[Total 8 | 359 4| 2 | a3 | aoa

levels of philopatry to their respective breeding
areas (FitzZSimmons et al., 1997b).

In summary, the assemblage of C. mydas that
breeds at the rookeries and eourtship areas of the
northern GBR centred on Raine Island and
Moulter Cay and the dispersed assemblage of
these same turtles in their respeetive foraging
areas represents a globally significant, single,
independent management unit.

MIGRATION

Limpus et al. (1992) reported on breeding
migrations from the eastern Australian C. mydas
stocks. The sample size of migration reeaptures
of adult females from the northern GBR
rookeries (n=403) has approximately doubled
sinee that study. The ecurrent dataset is
summarised in Table 20 & Fig. 25. Conelusions
from this larger dataset are summarised.

Adult females from the nGBR stock migrate
from foraging areas in castern Indonesia, Papua
New Guinea, Vanuatu, New Caledonia, Northern
Territory and from throughout coastal
Queensland to breed at rookeries within the
northern GBR and Torres Strait. These foraging
arcas span a region 25° in latitude from southern
Irian Jaya in Indonesia to Moreton Bay in south
Queensland and 37° in longitude from Melville
Island in western Northern Territory to
southeastern New Caledonia. While the majority
of recaptures have oecurred within a few hundred
kilometres of the rookery, the longest distance

between rookery and eapture site was 2,773km
from Raine Island to Vanuatu.

The majority of the nGBR stock tag recoveries
have been from north and west of the nesting
beaches, from foraging areas in Torres Strait,
Gulf of Carpentaria and coastal areas of the
Arafura Sea in Irian Jaya and Northern Territory.
The north-south distribution of foraging area tag
recoveries from eastern Australia of adult
females from eaeh of the nGBR and sGBR stoeks
are summarised in Fig. 26. While there has not
been equal sampling effort at each latitude, the
nGBR stock is the dominant eomponent of the
foraging populations within eastern Australia to
as far south as approximately latitude 13°S.
South of this, the sGBR stoek is dominant. These
data indicate that adult females from stocks
breeding at opposite ends of the GBR do not
oecupy identical feeding distributions.

Migration data are available for only one adult
male. This resident from Shoalwater Bay
(~22°20’S, 150°12°E) in Central Queensland was
trawl captured in Torres Strait at eourtship time.

Most (76.7%, n=310) of the reported nG3R C.
mydas stock migration reeaptures were of turtles
hunted for food, 3.2% (n=13) were from
incidental captures in ecommercial fisheries,
mostly trawling. 15.8% (n=64) were captured
during systematic sampling of feeding
populations during Queensland Turtle Research
projects and 2.2% (n=9) were from stranded dead
or rescued turtles. The remaining 2.0% (n=8) of
reports did not identify the eapture method.
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FIG 25. Distribution of non-nesting recaptures of adult female Chelonia mydas that had been tagged at rookeries of
the northern Great Barrier Reef stoek: No.7 and No.8 Sandbanks, Raine Island, Moulter Cay and Bramble Cay.

In addition to these tag reeoverics there have
been other reports of tagged turtles for which the
tags and/or the data were not returned. This is
partieularly so in neighbouring eountries where
there may be low levels of literacy or a poor
capaeity to read the English text of the tags. In
remote areas, hunters may not be able to aftford
the postage to return tags. In some parts of
northern Australia groups of tags have been
found in homes of hunters. the tags having been
retained as souvenirs of the hunting. In eontrast,
there is a beliefamong many of the turtle hunting
eommunities of eastern Indonesia, PNG and
some parts of northern Australia that the tag
represents ownership of the turtle and that the
hunter will ‘get into trouble” for killing someone
else’s turtle if he reports the eapturing of a tagged
turtle. In the same area there also has been
ncgative publieity eoneeming turtle hunting and
tags are assoeiated with bureaueratie interference
in the hunting praetices. In these latter eases the
tags are apparently often disearded. These
reasons may aceount for the recent paucity of tag
returns from Indonesia even though there was a
substantial inerease in C. mydas hunting for the

Bali market in the Aru and Irian Jaya areas sinee
about 1988 (J. Sehulz and l. Suwelo, pers.
eomm., Nov. 1990) until the 2001 closure of the
Bali turtle trade (W. Adnyana, pers. comm., May
2002). This shift in hunting effort probably was in
responsc to the substantial decreases in C. mydas
populations in other parts of Indonesia
(Groombridge & Luxmoore, 1989).

There arc some general prineiples for C. mydas
breeding migrations that ean be drawn from these
data.

1) The individual adult female has a strong site
fidelity to her traditional nesting beach (Table 7).
However, the present study has not demonstrated
clearly the corresponding fidelity of the female to
her particutar feeding area as has been
demonstrated for the females migrating to breed
at the southern GBR C. mydas rookeries (Limpus
et al., 1992). With most post-nesting migration
recaptures from the northern GBR rookeries
having been derived from turtles hunted for food,
there was a redueed potential for recording turtles
over suceessive legs of their migration between
foraging and nesting areas to establish foraging
arca fidelity.
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FIG. 26. Comparison of frequency distributions of
captures in easicrn Australian foraging areas south
from the Papua New Guinea coasl of Torres Strait of
aduli fcmale Chelonia mydas recorded on nesting
beaches of 1he northcrn and southcrm GBR stocks.
Recapturcs grouped by 1° latitudinat blocks.

2) Adult females that breed at thc same rookery
do not all migrate from the same foraging area
(Table 20).

3) Brecding females did not necessarily nest at
the closest rookery to their respective foraging
areas. For example, X 10925 was tagged at Raine
Island, stranded 1,057km away by cyclone Kathy
in the MacArthur River delta 3 yr later was
rescued, then® again recorded nesting at Raine
Island after a 4yr remigration interval (Limpus &
Reed, 1985b). She did not go to the Wellesley
Group rookeries of the southern Gulf of
Carpentaria or the castern Arnhem Land
rookeries that were closer to her fceding area.
This also applies for all recaptured turtles from
the Northern Territory. Similarly, not all the
fcmales that lived on the reefs of the far northern
GBR migratcd to the adjacent Raine Island and
Moulter Cay rookcries. Some migrated past
Raine Island to breed in the southern GBR.

4) Females living in the same foraging area do not
all nest at the same rookery (Tablc 20).

MEMOIRS OF THE QUEENSLAND MUSEUM

5) Turtles in foraging areas represent populations
of mixed genetic stocks. Forexample, in addition
to those that breed at nGBR rookeries, female C.
mydas foraging in thc Princess Charlotte Bay
area in the northern GBR have been recorded
breeding at rookeries in the Coral Sea Platform,
the southern GBR and internationally in eastern
Papua New Guinca, eastern Solomon Islands,
and northern New Caledonia. In an extreme case,
adult female C. mydas captured oft Coburg in the
Northern Territory, have been recorded nesting at
Rainc Island, at Western Australian rookeries and
in southeastern Java, Indonesia.

REMIGRATION

Remigration, the interval between breeding
seasons., varies between species and has posed a
problem for measurement because of the long
remigration intervals. The main problems have
resulted from tag loss and the logisties of
systcmatically monitoring a rookery for many
years. Early resecareh on marine turtle
reproductive ccology did not rigorously address
tag loss. In 1974 the Quccnsland Turtle Research
Project was requested to take over the C. mydas
field studies at Heron Island that had lapsed
following the departure of Dr H.R. Bustard from
Australia. The methodologies of the original
project werc initially retained. in particular the
tagging methodology of applying a monel tag to
the L1 tagging position (Bustard, 1966). Within a
few years it was apparent that there was a
significant tag loss problcm within this study. In
1978 systematic studies werc commenced to
identify thc optimal position for tag application
and to find a tag that had low rates of loss overa
10 yr development. These studics identified the
need for a new design of turtlc tag that used a
metal with very low corrosion rates, and that was
at a rcasonablc cost. Titanium and inconcl 625
were identified as the preferred metal types.
Within the Queensland Turtle Research Project,
wc were able to locate a tag manufacturer
prepared to produce turtle tags from titanium. Ina
parallel study in Hawaii, G. Balazs worked with
an American manufacturer to produce a turtle tag
from inconel 625. The tag trial studies (Limpus,
1992a) demonstrated that the optimal tagging
position is in the axillary area on the trailing edge
of the front flipper (L3 or R3 tagging positions).
The more distally the tag is applied, the morc
likcly it is to bc lost. Monel tags have a high
probability of tag loss, approaching 100% in 10
yr. Plastic tags did not perform better than the
monel tags in the long term. Titanium tags were
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TABLE 21. Frequency distribution of remigration reeaptures of nesting female Chelonia mydas recorded by
tagging year cohorts at Rainc Island sincc the commencement of Raine Island Corporation funded rescarch and
monitoring. The summer breeding season is defined by the year at the commeneement of the breeding season.
Tag type dgﬁnlllpns follow the tag design definitions of Limpus (1992a): M, moncl tags; T, titanium tags. Slight
variations in design of the titanium tags are denoted by T1, T2, T3 and T4. Howevcr, the variation in the design
of the titanium tag is not included in the analysis of this study.

Census for recovery of taps Breeding scason for commencement of cohorts originally. apped while aesting st Ratne 1sland

Year 1981 [ 1982 | 1982 | 1983 | 1984 | 1985 | 1986 [ 1987 [ 1988 T 1989 [ 1990 [ 1991 [ 1992 1993 | 1994 | 1995 1 1996 | 1997 | 1998 | 1999 | 2000 | 2001
h}o' ed turtles | 2608 | 1094 | 504 80 | 2548 1191911717 | 1559 | 1952 | 1037 | 1208 | 1368 | 1999 ] 1593 | 1034 | 1668 | 2997 | 1434 | 1982 | 2210 { 840 [ 1417
Tag M2 | M2 Tl T2 iy T2 T2 iy T2 ir T2 T2 12 T3 13 T4 T4 T4 T4 T4 T4 T4

1981

1982 1]

1983 |No RIC survey 22 1 0

1984 16 3§ | 0

1985 43 a2 s | 0

1986 9 s 14 2 2 g

1987 1 2 17 2 9 1] 1

1988 0 0 1 1 34 23 1 0

1989 40 0 2 0 138 92 29 Q 0

1990 |No RIC susvey 2 7 o 0 27 25 S1 40 k) ]

1991 2 [1] ] 2 a7 1 29 39 86 (] a

1992 1] | 2 [1) 12 13 s 27 12 2 1] 9

1993 0 3 3 0 38 12 12 40 53 22 [ 9 1]

1994 INo RIC survey 0 0 V] 1] ] | | 7 3 1 6 2 0 0

1995 1 1] ] 0 18 2 (3 12 pi] 16 3l 2 4 0 0

1996 |2 (DectFeb) 0 0 2 [} 42 13 18 k2] a7 42 40 s6 | 74 pi} 0 0
surveys

1997 0 ') S ¢ 33 13 9 26 45 22 44 39 34 57 13 o ]

1998 0 [} 1 a 14 2 2 7 24 6 17 9 31 28 13 3 ] 0

1999 0 {1 0 0 57 7 2! 46 56 43 61 67 114 ) 176 74 115 32 1 L]

2000 0 0 0 a 2 s 1] 2 7 2 2 5 1 5 12 3 11 6 L] 0

2001 0 0 3 3 23 3 ¥ 17 17 16 18 25 41 3l 21 59 108 53 12 0 o
Remugrant 136 | 4% 57 12 494 | 222 | 193 | 296 | 431 172 | 225 | 226 | 359 | 320 | 133 | 180 { 151 60 12 (O (1]

Cumulative total

found to have at least a 50% lower rate of tag loss
within the 6 yr period that titanium tags had been
under trial. The experimental studies on tag
retention were eondueted in the southern GBR
where it was logistically easier and less
expensive to make repetitive captures of the same
turtles over many years. As improvements in
tagging methodology have been developed they
have been applied to the nGBR studies.

REMIGRATION TAG RECOVERIES. The
number of remigration reeaptures during each
study trip are summarised in Tables 7-9. There
have been 3,727 remigrant recaptures of turtles
still wearing a tag up until the end of the
2001-2002 breeding season at Raine Island and
adjaeent rookeries. These are not all of the tagged
remigrants that have returned to these islands as
there has been no examination of the entire
nesting population in any one season, nor has the
entire nesting population been tagged in any one
season. The vast majority (98%, n=3,659) of
remigrant reeaptures were reeorded at the same
rookery at which eaeh turtle was originally
tagged (Tables 7-9). Of the 33,234 females
originally tagged at Raine Island prior to 2001,
one has been reeaptured nesting at Bramble Cay
and 21 at Moulter Cay. This very low rate of
interseason change of rookery will be partly the

result of the low sampling rate at nGBR rookeries
other than Raine Island. However, of the 2,992
females tagged on the other outer eays of the
northern Great Barrier Reef prior to 2001, only
1.2% (n=37) have been rceaptured nesting at
Raine Island in a later season: 16 from Moulter
Cay. 10 from No.8 Sandbank, 7 from No.7
Sandbank and 4 from Milman Island. In addition,
one from No.7 Sandbank and two from Milman
Island ehanged rookeries between breeding
seasons to nest at Moulter Cay; three from No.8
Sandbank ehanged to No.7 Sandbank and one
from No.7 Sandbank ehanged to No.8 Sandbank.

There has been considerable tagging of C.
mydas at other Australian rookeries in the
southern GBR, Coral Sea region and the
Wellesley Group in southeastern Gulf of
Carpentaria since 1974. Only one of the
approximately 40,000 female C. mydas, tagged
while nesting in the southern GBR prior to the
2001/2002 season, was reeaptured nesting at any
northern GBR rookery (Tables 7-9), although
therc have been many thousands of remigration
recaptures of southern GBR nesting females
returning to nest in the southern GBR rookeries in
later seasons (C. Limpus, unpubl. data).
Similarly, only one nesting female from the
QPWS and Environment Australia Studies at the
Coral Sea Platform rookeries has beenreeaptured
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FIG. 27. Cumulative recapture rate of remigrant adult female Chelonia mydas at northern GBR rookeries
recorded by the yearly tagging cohorts at Raine Island. Data arc presented for the yearly tagging cohorts for
which titanium tags were applied from 1984 until 1996.

breeding at Raine Island. None of the females
tagged while nesting at the northern GBR
rookerics have been recaptured nesting at the
more intensively studied southern GBR
rookeries. None of the more than 1,000 nesting C.
mydas tagged nesting at Bramble Cay by Applied
Eeology Pty Ltd in 1974 to 1980 has been
recaptured nesting at Raine Island. No female C.
mydas tagged nesting at an eastern Australian
rookery has been reeaptured nesting at a rookery
outside of eastern Australia or viee versa.

Collectively. these data demonstrate that an
adult female C. mydas exhibits a high level of
fidelity to a partieular nesting beach and ean
return to that same nesting beach even after
migrating large distanees to home feeding areas
in the intervening years (Limpus et al., 1992).
These observed rates of movements of breeding
females among rookeries are reinforeed by the
results of DNA genetic analyses of C. mydas
breeding populations of the Indo-Pacific Region
(Moritz et al., 2002) that demonstrate a genetic
interchange among adjacent rookeries such as
those of the northern GBR and Torres Strait. At
the same time, there is very little genetie
interechange between the rookery regions of the
north and south of the GBR (Norman et al,
1994a) or between rookeries of the nGBR slock
and those mueh further away (Norman et al.,
1994a; Moritz et al., 2002). The remigration tag

recovery data are consistent with the genetie data
in identifying groupings of C. mydas rookeries
that support an interbreeding population
separated from more distant breeding
aggregations with which they do not interbreed.

RECAPTURE RATE OF REMIGRANTS. The
remigration reeaptures at Raine Island, un-
correeted for tag loss, are summarised aceording
to the breeding season in whieh they were tagged
in Table 21 along with a summary of the tagging
methodology used with each tagging year class.
Less than 1% reeapture rates resulted from
tagging with monel tags applied in the L1 or R}
positions. The ehange to tagging in the L3
position improved the recovery of monel tagged
turtles by a faetor of approximately 5 to 10 times.
The change to L3 applied titanium tags has more
than doubled the rate of rccovery over that of L3
applied monel tags (Table 22). Currently. the
sampling of the Raine Island nesting population
for approximately 2 weeks in early December
each year is yielding a recovery of titanium
tagged remigrants equivalent to 12-22% of the
turtles originally tagged in the eohort (Fig. 27).
These recovery rates continue to improve as
additional sampling eontinues. In 2001 there
were still recoveries being made from all year
classes of titanium tagged turtles ineluding 23
remigrants from the 1984/1985 season (17 yr
sinee first tagged) (Table 21). There were even
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TABLE 22. Frequency distribution of remigration
from various year classes pooled by tag design. M1
and M2 denote different designs of monel tags
(National Band and Tag Co. #49 and #19
respectively): T1 and T2 denote titanium tag designs
as deseribed by Limpus (1992a).
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TABLE 23. Regression equations (in the formy =ax +
b) for transformation from eurved carapace length
(CCL. em) to other carapace measurcments (em) for
breeding Chelonia mydas at Raine Island. * = not
signifieant.

e — . Xl,YlalbszlnLP
____Breeding season Female
1979/1980 + | 1981/1982 + | 1982/1983 + Curved
1980/1981 | 1982/1983 | 1983/1984 CCL carapace width 0.776 | 14.469 | 0.769 | 504 |<0.001
No. tagged in cohort 2053 3696 584 Straight
Tag design Ml M2 T1& T2 CCL | carapace | 0.983 | 3356 | 0.997 | 54 |<0.001
Tag position L3 L3 L3 length (SCL) T
: : Carr’s straight
1 .
Romigration I0ler- | Frequency | Frequency | Frequency CCL | carapacc | 0.787 [ 16243 | 0963 | 29 [<0.001
" i . length (CSCL)
0 .
Straight
2y 0 1 2 SCL | carapace width | 0.494 | 26.733| 0.575 | 54 e
3yr 4 30 7 LG i
4yr 9 38 16 Male :
Syr 23 Curved 0.01>p
6)}"‘- : 48 18 CCL carapace width 0.735 ‘16.272 0.703 25 >0.005
- - 10 Straight |
yr 5 3 3 CCL carapace 0.771 [ 17.613 | 0.967 25 |<0.001
8yr 2 length
9 yr 1 Carr's straight
CCL rapac 0.799 | 15516 | 0.937 14 |<0.001
Total 46 133 49 clacngth f
Proportion i
recapturcd S 3.6% 8.4% SCL | ettt i | 0:340 | 20681 Lo.sw u | 920
———— lv - — =

threc turtles recorded for the first time since they
were tagged in 1982/1983 when titanium tags
were first deployed. These extremely long
intervals between captures probably represent
multiple remigration intervals, given incomplete
annual censusing. The tag reeovery ratc would
improve if the sampling period at the island each
summer was inereased in duration.

In the December 1986 sample there were 2.2
times as many tag-scarred remigrants as there
were remigrants with tags. During the December
1988 sampling period (6 yr after introduction of
titanium tags) when many hundreds of nesting
females were examined for tags cach night,
tagged remigrants were recorded at the rate of
2.0% of the nesting females examined (SD =
0.888, range = 0-2.55%, n = 9 nights).
Remigrants that had lost their tags were
recognised at an equal rate (imean = 2.0%, SD =
1.49, range = 0-3.95%, n = 9 nights). Most of
these tag-searred turtles are probably from the
monel tagging yecars. By the Deecember 2001
sampling (19 yr after introduction of titanium
tags), tagged remigrants were recorded at the rate
of 5.07% of the nesting females examined (SD =
1.996, range = 3.012-10.030%, n = 10 nights).
Remigrants with lost tags were reeorded at arate
that was an order of magnitude lower (mean =

0.79%, SD = 0.419, range = 0.149-1.399%, n =
10 nights). Large numbers of nesting turtles at
Rainc Island need to be examined on a nightly
basis to ensure good sample sizes for remigration
tag recoveries.

REMIGRATION INTERVAL. The frequeney
distribution of recaptures, uncorrected for tag loss,
of remigrant C. mydas at Raine Island by tagging
cohort and year of reeapture arc sunmarised for all
years since the commencement of the Raine Island
Corporation funded research in 1981 (Table 21).
The usual method for presenting remigration data
summarises the remigration interval recorded at a
rookery within the year of recapture (Limpus et al.,
1994b). While this method has valuc when
considering cvents associated with the immediate
breeding season, it confounds nesting season and
tagging eohort eftects. To enharce understanding
of population dynamies, an analysis of
remigration interval by tagging cohorts is more
appropriate. Because the consccutive annual
tagging cohorts have differing durations over
which remigrants are recorded, an analysis of the
raw data from each eohort (Table 21) would
introduce a bias from the longer studied cohorts.
The following considerations have been taken into
aceount in choosing an interval for eomparison
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FIG. 28. Frequency distribution for remigration interval recorded from yearly cohorts of adult female Chelonia
mydas tagged nesting at Rainc Island since the introduction of large scale use of titanium tags, 1984-1997 (Table
21). * denotes an incompletc sampling ycar when no Rainc Island Corporation survey trip occurred.

between cohorts. Bustard (1976) recorded no 2yr
or 3yr remigration intcrvals during a major part of
his nine consceutive years of total tagging census,
commencing in.1964/1965, of the Heron Island C.
mydas population (single monel tagging in LI
position). The Applied Ecology project at Bramble
Cay recorded no remigration recaptures from four
consecutive years of total tagging census of the C.
mydas population during 1976/1977-1979/1980
(double moncl tagging in L1 and Rl positions.
Limpus etal., 2001). Based on long tcrm titanium
tagging, Limpus et al. (1994a) recorded that the
majority of the C. mydas remigrants at Heron
Island returned after 5-8 yr intervals. These studies
indicate that the castcrn Australian C. mydas
stoecks may not be breeding on the usually
hypothesised 2-3 yr remigration intcrval for the
speeies (Hirth, 1997). Because of the inecomplete

annual sampling of the nesting population at Raine
Island, the longer recorded remigration intervals
may bc confounded by recapturcs of turtles that
had actually remigrated in intervening years but
had not been recorded. The majority of the re-
migration intervals for the Rainc Island C. mydas
population were within 4-6yr (Table 21). Most
tagging cohorts show a reduetion in remigration
recapture rate at about eight years (Fig. 27). There-
fore the results from the 10 consccutive years of
large scale titanium tagging at Raine Island during
1984-1993 will be analysed for rcmigration
intcrval using only reeaptures at lcss than nine
years following first tagging or the last recorded
breeding for a recaptured turtle. It is expected that
restrieting the analysis of the first eight years of
remigration data for each eohort will minimise the
number of multiple eyeles that arc mistakenly
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included in the analysis, whilc capturing the
majority of the remigrations for the cohort.

It should be noted that the quantification of
remigration interval at Rainc Island has been
partly compromiscd by the lack of continuity of
sampling cffort. The standard Deccmber
sampling trips were not run in some years: 1983,
1990, 1994. The impact of reduccd numbers of
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recaptures resulting from not checking large
numbers of turtles for tags in these years can be
tracked through the sequential remigration
frequencies for each cohort (Fig. 28). Each cohort
was impacted at a different remigration interval.
For the combined 10 years of data from 1984 to
1993, some of these resulting between-year
differences are expected to be smoothed.
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F1G. 29. Frequency distribution of remigration interval
for adult female Chelonia mydas recorded at northern
GBR rookerics pooled forten annual tagging cohorts,
1984-1993. To minimise the confounding effect of
varying durations of study period for the cohorts,
only rcmigration recaptures spanning <9 yr have
been considered. To minimise the confounding effect
of tag design, only titanjum tagged cohorts have becn
included.

At Raine Island, short remigration intervals of
one and two years were extremcly rarc (0.33%
from a sample of 2,094 turtles) (Fig. 29). Three
year remigration intervals accounted for only
10.7% of recapturcs. The modal remigration
interval for thc Rainc Island C. mydas population
was 4-5yr (Fig. 29). There are significant
differences in annual remigration intcrvals
among the annual tagged cohort from 1984
t01993 (one way ANOVA: F9,2084 = 42.02;
p<0.001). No cxplanation is offered for the
abrupt increase in mean remigration interval
betwcen the 1988 and 1989 cohorts (Fig. 30).
While some of the differences may bc
attributablc to the lack of continuity of sampling
(Fig. 28), many of the differenccs appear to result
from stochastic variability in the modal rcturn
interval among cohorts. When a strong positive
SOI results in very depressed nesting numbers in
a particular season, it limits the numbcr of
rcmigrants available for capturc in that season.
For example, during the extrcmely low density
2000/2001 nesting season, the remigration group
corresponding to that in 2000 was very depleted
within each cohort’s rccaptures (Fig. 28).
However, a different remigration intcrval was
impacted for each tagging cohort. In contrast,
with high density ncsting seasons such as
1999/2000, the remigration groups
corresponding to those in 1999 were atypically
high for their respective tagging cohorts (Fig.
28). It is apparent that there is no fixed
remigration interval that applics for this stock.
Remigration intcrval is variable in a complex
response to regional climate fluctuations.

T T T T T T T T Y
1984 1985 1986 1987 1988 1989 1990 1991 1992 1993
ANNUAL TAGGING COIORTS

FIG. 30. Variability in mean rcmigration interval
measured for 10 consceutive annual tagging cohorts
of adult female Chelonia mydas nesting at Raine
Island: 1984 - 1993.

To further investigate remigration variability
from the perspective of the breeding scason of
rccapture, the remigration data (Table 21) was
rcanalysed with respect to the year of recapture
(brecding season) within the 11 scasons
1991-2001 (Fig. 31). Again, thc analysis was
restricted to the remigration intcrvals <9 yr.
Remigration intervals analysed from this period
encompass returns from the ycars since the
introduction of titanium tagging of the Raine
Island nesting population in 1983. A reasonable
comparison cannot be casily made with data
originating from the earlier years when turtles
were tagged with monel tags, given the high ratc
oftag loss for monel tags (Limpus, 1992a). Therc
were significant differences in remigration
interval by ncsting scason of recapture for the
years 1991-2001 (1 way ANOVA: Fip146 =
15.65; p<0.001). In addition there was a
significant linear correlation between the mean
remigration interval and the year;

Remigrationinterval = 0.08364*year—161.5452
(F19=8.30,0.01<p<0.025.r"=0.48, DF=9).

MEAN REMIGRATION INTERVAL
w
1

] 1 1 T I T T T T T T T
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
BREEDING SEASON OF RECAPTURE

FIG. 31. Variability in mean remigration interval
measured within 11 consecutive breeding seasons for
adult female Chelonia mydas nesting at Rainc Island:
1991 - 2001.
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FIG 32. Frequency distribution of size of nesting
female Chelonia mydas recorded at Raine Island and
Moulter Cay during the 1999-2000 breeding season.

Mcan remigration interval has increased over
at least the past deeade (Fig. 31).

No significant linear correlation was found
betwcen the mean annual remigration interval
measured within the breeding season of recapture
and the mean May-October SOl measured 1.5 yr
before the breeding season (F, 3=0.007, p>0.25).

SIZE OF BREEDING ADULTS

FEMALES. A comparison of several methods of
measuring turtle size is shown (Table 23).
Because CCL has been the standard length
measurement of marinc turtles used in Australia
(Bustard, 1972; Limpus & Walters, 1980;
Limpus, 1980b; Limpus et al., 1983a,b) and
South Africa (Hughes, 1974a,b) and because of
the high correlation betwcen CCL and the two
other length measurements in common use
(Carr’s straight carapace length: Carr & Ogren,
1960. Straight Carapace length: Hughes,
1974a,b), CCL will continue as the standard
length mcasurcment for this study. Should the
necd arise for comparison with overseas studies,

(11
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109 3 .
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i 107 - ALL TURTLES
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7 105 = G N
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“ 103 -
102 -
101 -
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1975 1980 1988 1590 1995 2000

BREFDING SEASON

FIG. 33. Changing size (CCL) of nesting female Chel-
onia mydas recorded nesting at Raine Island and
adjacent rookeries in the northern GBR during 26
years of monitoring. * =remigrants; square = primary
taggings; dot = all turtles.
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CCL can be transformed to other required lengths
using the equations of Table 23.

The carapacc measurements of nesting females
are summarised in Tables 24-26 and Fig. 32.
Averaged over the 25 seasons of sampling in
November - December at Raine Island, the mean
female CCL = 105.97em (SD = 5.142, range =
86.0-130.1,n=20947. Table 24). Averaged over
6 of these seasons, mean female CCW = 98.1¢m
(SD=5.04,range =82.3 - 115.5,n=2237, Table
28). Mecan straight carapace measurements are
summarised for comparison with other studies in
Table 28.

There were significant differences in mean
CCL among annual November-December
samples (Table 24, Fig. 33). Therc has been a
significant downward trend in mean carapace
length of the nesting female C. mydas at Raine
1sland and Moulter Cay during mid summer over
26 brecdixl&sea501ls, 1976-2001 (F1,23 = 28.66,
p<0.0005; r~ = 0.555, df = 23, 0.001<P<0.0025).
Within this trend. whenever there were very high
density nesting scasons proximal to low density
nesting seasons, there were fluctuations in mean
CCL. On average smaller turtles bred in the high
density nesting seasons and larger ones in the low
density seasons. Parmenter (1980b) recorded
significant differences in mean CCL between
nesting scasons (1976-1979) for Bramble Cay C.
mydas and attributed the differences to only the
larger size turtles being able to complete
physiological preparation for nesting in the low
density years. We have shown the size of the
annual nesting C. mydas population is a function
of the mean May-October Southern Oscillation
Index ~1.5yr before the commencement of the
breeding scason. Thereforc we tested for a

110
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FIG. 34. Examination of a possible regional climatie
regulation of the size of adult female Chelonia niydas
nesting at Raine Island. The mean May-October SOI
measured ~1.5yr before the breeding season (Table
19) was used as the measure of climate variability.
Turtle size = mean carapace length measured in
Deeember (Table 24).
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TABLE 24. Annual variation in curved carapace length (CCL) of nesting female Chelonia mydas at Raine Island
and adjacent Moulter Cay ##MC) during the mid summer nesting season. Primary denotes turtles tagged for the
first time in that season. Remigrant denotes turtles recorded breeding in a previous season.

All Turtles Primary Remigrant
Year |Rookery Curved earapace length (cm) Curved carapace length (em) Curved carapace length (cm)
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TABLE 24 (Cont.)
B ————— = v |
_ AllTurtles _ Primary Remigrant |
Year | Rookery — mﬂm@_ — S"WCd carapacc length (cm) Curved carapace length (cm)
\ | Mean w | van
| B (Range) T P (Rangg | S| on @ange) | D "
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relationship between the mean May-October SOI
(Table 19) measured ~1.5 yr before the C. mydas
nesting scason and mean summer CCL measured
in December (Table 24). However, the mean
summer CCL of the nesting females did not show
a significant correlation with the me¢an SOI from
~1.5 yrbefore the breeding season (1°=0.144, DF
=22; F 2= 3.71; 0.1>p>0.05) (Fig. 34).

In contrast with the Raine lsland results,
Limpus et al. (1984a) found no between-season
variation in the size of nesting C. mydas at Heron
Island over eight breeding seasons, 1974-1981.
Similarly there was no significant difference in
CCL among annual samples {from No.7 and No.8
Sandbanks (Table 26), possibly because of the
small annual samples relative to the variance
within the samples. No significant difference in
CCL was found between the Raine Island sample
and the various northern GBR island samples
within any one year.

For all years exeept 2000 during the 17 yr
period, 1985 to 2001, remigrant nesting females
were significantly larger on average than females
that were tagged for the first time (Table 24). The
first-time-tagged group of turtles included new
reeruits to the nesting population as well as wrtles
that had nested in previous seasons but which had
not been tagged. Caretta caretta (Limpus, 1991)
and N. depressus (Parmenter & Limpus, 1995)
nesting in the southern GBR and E. imbricata
(Miller et al., 2000) nesting in the northern GBR
display a similar characteristie of new reeruits to
the breeding population being smaller on average
than remigrant femalcs.

There were significant differences in mean
CCL among annual November-December
samples for both remigrant and primary tagged
females at Raine Island across the 17 yr period,
1985-2001 (Fig. 33; Table 24) (Primary tagged
turtles: Fie 3735 = 15.71, p<0.0001. Remigrant
n'ml_es: Fi63255 = 2.75. p<0.001). There was no
significant downward trend in the annual mean
size of the primary tagged females across this
period (F) ;5= 2.36, 0.1<p<0.25; r* = 0.136, df =
15, p>0.25). Although the correlation was poofr,
there was a significant downward trend in the
annual mean size of the remigrant turtles within
the same period (Remigrant turtles: F1,15=7.08,
0.01<p<0.025; r2 = 0.321 df = 15, 0.1<p<0.25).

There was no significant log-log correlation
between adult female C. mydas CCL and weight
for the small sample weighed after completion of

TABLE 25. Hﬁual variation in curved ecarapace
length (CCL) of nesting female Chelonia mydas at
Raine Island outside the mid summer nesting season.

Year, | Curvedcamapacelength(cm)
month | Mecan (Range) S_Q___ n__ |
1975 Fcb | 1063 (98.0-117.0) |  4.66 64
| 1980Jun | 110.0(110.0) - 1
1981Jun | 100.0(100.0) - 1
| 1982Jul | 104.3(100.0-108.5) - 2
| 1983 Apr | 99.9(94.5-104.5) 3.90 4
1984 Apr | 106.] (97.0-118.0) 4.59 77
| 1987Jul | 1085 (97.5-114.5) 6.55 4
2001 Feb 104.9 (92.9-114.4) 4.09 99
|_combincd | 105.6 (92.9-118.0) 4.55 252
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TABLE 26. Annual variation in curved carapace
length of nesting fcmale Chelonia mydas at No.7 and
No.8 Sandbanks during the mid summer nesting
season.

MEMOIRS OF THE QUEENSLAND MUSEUM

TABLE 27. Annual variation in curved carapace width
of nesting female Chelonia mydas at Raine Island and
Moulter Cay during the mid summer breeding
season. One way ANOVA: F; 1,59 = 4.35; P<0.001,
significant.

laying: logiowt = 1.28 X log;¢CCL - 0.491 (n =
24, r=0.606, 0.1>p>0.05. wt in kg and CCL ine
m). The average female weighed 126.15kg (SD =
13.913, range = 101-154, n=24; CCLof weighed
sample ranged 95-114cm).

MALES. A series of male C. mydas captured
while courting, or in assoeciation with eourting
groups on Raine Island reef (Table 28) had a
pooled mean CCL = 99.4em (SD = 4.89; range =
90.5-114.5em; n= 37). A set of various carapace
measurements using the same methodologies as
used for the females is summarised in Table 28.
The breeding males, on average, were very much
smaller than the nesting females.

There was a significant log-log correlation
between CCL and weight of breeding males at
eourtship: loggwt=1.65 x log;(CCL - 1 273 (n=
24,r*=0.756, 0.002<p<0.005. Wtin kg and CCL
inem). The average male weighed 97.63kg (SD=
9.528, range = 83-122.5, n =24; CCL of weighed
sample ranged 90.5 - 112cm).

SIZE COMPARISONS. The size of the nesting
female C. mydas is relatively uniform throughout
the GBR rookeries with a CCL = 107em (Heron
Island: Limpus et al. 1984a; Bramble Cay:
Parmenter 1979, Limpus et al., 2001). The Raine
Island female C. mydas are of intermediate size

Year | Rookery % - Curved carapace length (cm) ' :
can (Range) SD n Curved carapace width (cm)

1976 N8 | 1056(980-112.0) | 4.5 14 L Mean (Range) | SD n
1979 | N8 107.1(101.0-118.0) | 4.69 16 1974/75 | 98.1(R6.0-111.0) | 492 64
1986 | N7&NS | 105.1(93.0-121.0) | 4.42 119 1976/17 | 97.5 (83.0-113.0) | 526 263
1987 | N7&N8 | 1063 (93.0-121.0) | 530 169 1977778 | 98.9(88.5-111.5) | 4.8 125
1988 Ng 107.6 (950-117.0) | 507 47 | 1979580 | 98.7(86.0-1155) | 5.9 390
1989 N§ 105.9(99.5-119.0) | 5.45 10 1980/81 | 98.8 (86.5-115.0) 5.37 201
1990 N7 106.8 (91.6-113.5) | 6.14 12 | 198182 | 97.3(84.0-108.5) 4.81 538
1990 N8 1075 99.5-18.0) | 461 25 '[l:_w_syss | 98.2(82.5-114.0) |  5.07 504
1991 N7 104.9 (94.0-114.7) | 4.63 85
L) ’\fs e DL 50 = for the speeies world wide. being approximately
1992 | N7 | 1069(8.5-1185) | 416 . 33 | the same size as the females from the Tortuguero
1992 | N8 | 10660451135) | 451 63 rookery in Caribbean Costa Riea and Aldabra
1993 Nl B FORCIRNE) | 532 L Island in the Indian Oeean (Hirth, 1980). Mueh
1995 N8 1056 (97.1-117.4) | 471 & smaller sized females nest in Hawaii, the Arabian
T R LR NI 75 Ll Peninsula and the eastern Pacifiec Ocean while
1996 | NS | 103.8(92.7-1163) | 465 = eonsiderably larger sized nesting females oecur
1997 N7 105.3 (87.2-1140) | 529 52 at Europa Island, Surinam and Aseension Island
1997 N8 | 104.7(91.2-119.5) | 5.11 185 (Hirth, 1980; Miller, 1989).

combined | N74N8 | 1056 (82.2:1216) | 511 e The mean CCL of the dead females recorded on

Raine Island over 18 breeding seasons (Table 16)
was smaller than the mean CCL of the nesting
female sample reeorded in the respeetive
breeding seasons (Table 24). Why the death of'the
nesting female should be size related is not clear.
To address this question, detailed autopsies of
turtles dying from a variety of eauses are needed
to identify the extent to whieh the mortality is
related to the turtle being small, irrespeetive of its
past breeding history, or to newly reeruited turtles
to the breeding population. This bias in the death
of smallerturtles is contrary to the bias that would
be needed for the death of nesting turtles on these
islands to be the primary cause of the long term
reduetion in CCL of turtles breeding at Raine
Island and Moulter Cay.

Size is notareliable measure of maturity orage
in adult marine turtles (Limpus & Reed, 1985a,b;
Limpus et al., 1994e; Limpus & Chaloupka,
1997) and not all turtles reach sexual maturity at
the same size (Limpus, 1991). Therefore the
question of why there are inter-rookery and
inter-seasonal differenees in CCL of nesting
females probably eannot be resolved by studies at
the rookeries. The size of the breeding female
should be a funetion of a number of faetors,
including its genctie stoek, the climate of its
partieular feeding area, its diet and its breeding
age. Potentially all these faetors can now be
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TABLE 28. Carapace measurements of adult male and
female Chelonia mydas breeding at Raine Island and
adjacent islands.

Fsr _ [ B Measurement (cm) _="
i | Mean(Range) | s [ n |
| Female . I
Straight carapacc 100.3
length: 1978179 | (89.0-107.6) | 437 I
Staight carapace 1 76.3 (68.6-90.0)|  3.76 54
Carr's straight cara- 99.7 »
pace length: 197879 | (93.0-1003) | 369 &
[ Male — -
. 98.5 I
CCL: 1978/79 (90.5-112.0) 4.36 28
. 103.7
CCL: 1979/80 (1030-1045) | 076 3
CCL: 1982/83 960() | - 1|
. 102.4
CCL: 1987/88 (90.5-114.5) 6.51 5
s 88.8 (82.5-97.0) |  4.50 28
Straight carapace 93.1
! 3.37 25
length: 1978/79 | (869-1025) | ]
Straight carspace | 71.0(66.1-782) | 3.34 24
a'r's strai l;c;'l: B |
| pace lqnglh%l978v/797 930(884-984) | 2.74 | 14

addressed in studies of C. mydas in its feeding
areas. The north-south distribution of the eastern
Australian feeding areas and the capacity to
identify the genetic stock of individual turtles
make thc eastern Australian turtles ideally
located for further studies on what determines the
size composition of the nesting population.

EGG PRODUCTION

NESTING SUCCESS. Observations of
individual turtles ashore through the night have
shown thata female does not always successfully
lay her eggs on cach nesting crawl. During 22
November - 16 December 1986, 26 nesting
females were followed for their entire time
ashore. Of these, only four were observed to lay
eggs (nesting suceess = 0.15).

It was concluded from the results of autopsies
of turtics dying while ashore at Raine Island that
only females attempting to nest come ashore.
When a turtle comes ashore and fails to lay her
eggs it should result primarity from ncgative
impacts on the turtle while it is ashore. Two
prineipal sets of factors that contribute to whether
or not a turtle will successtully lay during a
nesting crawl on these remote northern GBR
beaches are identified.
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FIG 35. Adult female Chelonia mydas wandering into
cach other as they scarched for nesting sites at Raine
Island, 19 December 1984. The nett result of these
interactions is that turtles spread more widely across
the beach and spend more time ashore for nesting than
would oceur in a low density nesting situation.

1) Environmentat disturbance. The sand of Raine
Island beach was very dry, and without grass/tree
roots to bind it together. The corallinc sand
particles did not adhere readily. The dryness and
looseness of the sand generally resulted in the
digging of very deep body pits with the
associated likelihood of collapse of the body pit
wall into the egg chamber. Egg chambers were
repeatedly eollapsing as the females attempted to
dig their nests. Turtles with damaged hind
flippers had even more problems indigging if this
hampered their ability to lift sand from the cgg
chamber. Bustard & Greenham (1968) discussed
this problem for the Heron Istand C. mydas
nesting population. Another potential cause of
disturbance to the nesting turtle on thesc islands
was buried rocks, timber and turtle bone. Large
obstructions could prevent the turtle digging an
egg chamber, but this type of problem occurred
Iess frequently. It mostly confronted those turtles
that attempted to nest on top of the phosphatic
limestone platform.

2) Turtle interactions. Most turtles, when
undisturbed, made their first nesting attempt for
the night ncar the crest of the outer beach rim.
When turtles were beaching at a density that
resulted in approximately overlapping turtles
around the perimeter of the beach inthe early part
of the night, i.c. I turtle per 2m of beach line,
there was a high probability of a turtle en-
countering another turtlc alrcady ashore (Fig.
34). Therefore, with higher density nesting
(mean nightly tally count cxeceding ~900),
turtles that beached carly in the night and become
established in nest digging were often disturbed
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FIG. 36. Variation in annual nesting success (A}, rate of
clutch disturbance by nesting turtles (B) and clutch
equivalent egg montality (CEEM) (C) for Chelonia
mydas breeding at Raine Island with respect to nesting
density. See Table 29 for seasonal data.

by later arrivals. This usually resulted in the one
or both turtics moving on to seek an alternative
nest site further in from the water line.
Disturbancc that causcd a turtle to abandon a site
ranged from one turtle bumping another to a
turtle that was digging a nest throwing sand into
the facc of another. A person walking near or
gently touching a turtle wandering on the beach
platform on a high density turtle night appeared
to make no additional impact on the nesting
success of the turtle which was already reacting
to regular ‘disturbance’.

It was not uncommon for turtlcs to be ashore
for over 6hr, alternately wandering and digging
without successfully constructing a nest before
returning to the sea. Without a completed nest,
the turtlc would not lay. Difficulties in preparing
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a nest and completing a laying will increase the
time a turtle spends on the beach and henee
increase the probability of still being ashore afte
daylight. This in turn increases the probability of
heat induced mortality. Hence at Raine Island,
dcath on the nesting beach is density dcpendent
on the size of the nightly nesting numbecrs.

The nesting success recorded in 1986 above
contrasted with the nesting success recorded for
individual turtles during low density nesting in
April 1984 at Rame Island. Of 165 recorded
beachings, 109 (66%) resulted in laying. 4]
(25%) resulted in the turtle leaving the beach
without laying and 15 (14%) werc not asscssed
for nesting success. During this visit, it rained on
7 of the 23 days/nights and the sand wasg
noticcably moist and egg chambers appeared to
be dug easily without the walls collapsing. The
combination of low nesting density (daily
number of beachings=3 - 17) (Table 3) and moist
sand appears to have contributed to thc high
nesting success (= 0.73 for the 150 beachings
assessed for nesting success) at this time, These
data illustrate the variability that can occur in
nesting success for turtles attempting to ncst in
coralline sand. Similar intra-scasonal variability
in nightly nesting success has been described C.
mydas attempting to ncst in similar coralline sanq
at from Bramble Cay (Limpus et al., 2001).

Fora more rapid asscssment of nesting success,
sampling sites A to E (Fig. 2) were selected and
where possible, nesting success was quantified
on opposite sides of Raine Island on the same
night. Nightly ncsting success recorded in these
sectors for the November-December sampling
periods is summariscd in Table 29. The mean
nightly nesting success data showed a significant
correlation with the mean tally count (MTC) for
the respective sampling period (Fig. 35A):
ncsting success = -0.000042 X MTC + 0.4411
(F11s = 19.69; p<0.001; significant. r’ = 0.565,
DF = 15.). Necsting success, measured at a
standard sampling period across several breeding
scasons, is therefore negatively correlated with
the density of the nesting turtles on the island,
Howevecr, factors such as how recently it rained
and the amount of rainfall can vary on a daily
basis within and between seasons and will
influencc ncsting success by changing the
adhesion of the sand particles.

When a turtle docs not lay her eggs ononcnight
she attempts to nest again on the same or on one
of the following nights (Miller, 1985). This can
be repeated a number of times until the turtle
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FIG 37. Comparison of the mean November-December
cluteh count for adult female Chelonia mydas nesting
at Raine Island (Table 29) with the mean May-October
Southern Oscillation Index (SOI) approximately 1.5 yr
before the breeding season (Table 19).

eventually lays her elutech. When a factor such as
nesting density contributes to lowered nesting
suecess, it results in the female having to make
more nesting crawls per eluteh.

Within the one nesting season, because nesting
density will be low at the beginning and end of the
scason and maximal in December and January,
nesting success must vary throughout the scason.
In the absenee of rain, the trend should be for
nesting success to be minimal in Deeember and
January.

RENESTING INTERVAL. Renesting interval is
measured as the time from suceessfully laying a
cluteh to the return of the turtle to the beach to
attempt to lay her next ¢lutch. During most visits
to Raine Island. the high density nesting
precluded spending the time with cach turtle to
establish its nesting suecess for the night. High
nesting density also made it difficult to examine
every turtle ashore for the night to check it for
tags and henee establish its identity. Therefore,
on most visits it was not possible to rchably
measure renesting interval at Raine Island and
Moulter Cay.

During the April 1984 visit to Raine Island,
nesting density was low enough for the nesting
success of almost every turtle for the night to be
assesscd. Because of this, it was possible to
record the timing of subsequent returns of
females following a sucecessful nesting. The
mean renesting interval was 12.4 d (SD = 1.02,
range = 10-14, n=16). This is very similar to the
mean renesting interval of 12.0 d (SE = 0.04,
range =9-21,n=979) and 12.4 d (SD = 1.67,
range =9-19 d,n=278 1) mecasured overan entire
nesting season at Bramble Cay during the
1978/79 and 1979/80 breeding seasons,
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respectively (Parmenter, 1979; Limpus et al.,
2001). These values reeorded within the nGBR
C. mydas stock are considerably shorter than the
renesting interval for the speeies at Heron Island
in the southern GBR (renesting interval: 13.52 d
in 1974/75; 14.08 d in 1980/81. Limpus. 1980b;
Limpusetal.. 1984a). These differences are more
likely to be the result of different water
temperatures in the interesting habitat during the
oviducal phase of embryogenesis and egg shell
formation (Miller, 1985) rather than a genetic
difference between the stocks.

NESTING BEACH FIDELITY. Oneec nightly
tagging of nesting turtles at Raine lsland
commenced on cach sampling trip there were
numerous recaptures of these tagged turtltes on
subsequent nights at Raine Island. For example in
November 1984, 77 recaptures of recently tagged
turtles were made over the 2nd to 10th night of
tagging on the island. These were of turtles that
had not completed a suceessful nesting on the
previous beaching. When Moulter Cay was
visited afier a period of intense tagging at Raine
Island there were small numbers of recaptures of
nesting females that had been tagged while
attempling to nest at Raine Island within the
previous few nights (50 recaptures) (Table 8).
Two similar recaptures of turtles changing
islands have been made on Raine Island when
intense tagging on Moulter Cay was followed by
work on Raine Island (Table 7). There have been
no within scason changes of rookery recorded
from the studies at MacLennan Cay. No.7 and
No.8 Sandbanks. There has been no record of
intra-scasonal C. mydas interchange between the
northern and southern GBR rockery areas.

These observations are consistent with those
from more detailed long term recapture studies of
C. mydas at other rookeries (Heron Island:
Bustard, 1972, Limpus ct al., 1984a; Sarawak
Turtle Islands: Hendrickson, 1958; Hawaii:
Balazs, 1980; Tortuguero: Carr ct al., 1978). C.
mydas displays a high level of fidelity to the
individual nesting beach with only a small
percentage of the females interchanging between
nearby rookeries within the same nesting scason.

EGGS. C. mydas of the nGBR stock lay the
typical white, approximately spherical, soft
shelled eggs for the specics. The mean clutch
counts recorded across the breeding seasons at
Raine Island and No. 7 and No. 8 Sandbanks are
summarised in Table 30. There was a significant
difference among the annual samples of cluteh
counts. The combined scasons mean cluteh count
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TABLE 29. Nesting success and clutch disturbance measurements for Chelonia mydas at Raine Island.
Measurements made in sampling sites A and B (Fig. 2).

Turtles entering sector Numbcer of | Number of cxisting Nesting di Clutch
Date Sector From beach From sides clutches laid | clutches disturbed success 's":;lt’came
X Y zZ C X - C/iZ
12/12/81 A 222 - 75 25 0.34 0.33
13/12/81 A 170-200 - 57 35 ~0.31 0.61
1981 Combined values ~0.32 0.46
29/12/82 A 52 - 20 2 0.38 0.10
3/12/82 A 93 - 34 5 0.37 0.15
6/12/82 A 93 - 25 5 0.27 0.20
1982 Combined values ~0.33 0.15
28/11/85 A 20 0 3 0 0.15 0
1/12/85 A 16 1 2 0 0.13 0
9/12/85 A 27 4 8 1 0.30 0.13
16/12/85
1985 A Combined values 0.26 0.12
28/11/85 B 9 4 4 0 0.44 0
3/12/85 B 20 2 7 1 0.35 0.14
13/12/85 B 13 3 2 1 0.15 0.50
16/12/85 B 22 3 11 0 0.50 0
1985 B Combined values Combined values 0.38 0.08
28/12/86 A 313 - 37 20 0.12 0.54
4/12/86 A 449 - 50 17 0.11 0.34
8/12/86 A 520 - 47 28 0.11 0.60
12/12/86 A 369 - 47 21 0.13 0.45
1986 A Combined values Combincd values 0.11 0.48
26/11/86 B 216 - 24 23 0.11 0.11
2/12/86 B 275 - 35 37 0.13 1.06
6/12/86 B 334 - 58 44 0.17 0.80
10/12/86 B 241 - 34 20 0.14 0.59
1986 B Combined values Combined values 0.17 0.82
3/12/87 A 330 - 35 30 0.11 0.86
1/12/87 B 73 - 24 7 0.33 0.29
6/12/88 A 78 10 39 5 0.50 0.13
7/12/88 A 74 17 31 0 0.42 0
8/12/88 A 76 21 50 9 0.66 0.18
1988 A Combined values Combined values 0.53 0.12
6/12/88 B 33 8 24 5 0.73 0.21
7/12/88 ‘B 33 10 15 6 0.40 0.40
8/12/88 B 80 10 29 5 0.36 0.17
1988 B Combinced values 0.47 0.24
6/12/91 A 157 65 11 9 0.07 0.82
8/12/91 A 117 63 22 10 0.19 0.45
1991 A Combined valucs 0.12 0.58
6/12/91 B 125 74 23 2 0.18 0.09
8/12/91 B 77 65 14 6 0.18 0.43
1991 B Combined valucs 0.18 0.22
6/12/92 A 122 12 24 0.20 0.13
8/12/92 A 134 38 21 0.16 0.24
1992 A Combincd values 0.18 0.18
6/12/92 B 35 27 20 5 0.57 0.19
8/12/92 B 44 32 42 0.95 0.06
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TABLE 29 (Cont.)
Turtles entering sector Number of | Number of existing Nesting Clutch
Date Seetor From beach From sides clutches laid | clutches disturbed success dlstur;lt):ncc
X Y Z C X C/Z
1992 B Combined values 0.78 0.11
4/12/93 A 131 43 25 9 0.19 0.36
6/12/93 A 87 124 31 10 0.36 0.32
1993 A Combined values 0.26 0.34
4/12/93 B 77 30 14 2 0.18 0.1
6/12/93 B 119 37 14 11 0.12 0.79
1993 B Combined values 0.14 0.46
6/12/94 A 13 3 9 0 0.69 0
8/12/94 A 36 3 20 1 0.56 0.05
1994 A Combined values 0.59 0.03
6/12/94 B 86 16 32 8 0.37 0.25
8/12/94 B 27 14 5 1 0.19 0.2
1994 B Combined values 0.33 0.24
6/12/95 A 413 100 57 12 0.13 0.21
12/12/95 A 323 126 18 5 0.06 0.29
1995 A Combined values 0.10 0.23
6/12/95 B 99 113 52 12 0.53 0.23
12/12/95 B 88 64 35 8 0.40 0.13
1995 B Combined values 0.47 0.23
2/12/96 A 259 146 1 11 0.004 11.0
4/12/97 A 495 86 20 7 0.03 0.35
4/12/97 B 465 34 28 8 0.06 0.29
30/11/98 A 29 7 11 0 0.38 0
6/12/98 A 26 4 8 0 0.31 0
1998 A Combined values 0.13 0
6/12/98 B 60 5 47 5 0.72 0.11
30/11/98 C 29 7 11 0 0.21 0
7/12/98 D 30 5 11 1 0.31 0.09
7/12/98 E 47 2 28 0 0.57 0
1/12/99 B 212 59 53 17 0.22 0.32
8/12/99 B 272 117 90 10 0.34 0.11
1999 B Combined values 0.30 0.19
1/12/99 D 589 34 93 6 s 0.06
8/12/99 D 328 183 59 7 0.18 0.12
1999 D Combined values 0.18 0.09
1/12/00 A 11 0 6 0 0.55 0
4/12/00 A 5 1 2 0 0.40 0
2000 A Combined values 0.50 0
1/12/00 B 12 1 10 0 0.83 0
4/12/00 B 6 1 6 0 1.00 0
2000 B | Combined valucs UL 0
4/12/01 A 115 34 24 6 0.23 0.18
4/12/01 C 199 49 29 11 0.12 0.38

of 104.3 for the November- December nesting
period at Raine Island was very similar to the
mean cluteh eount of 103.8 measured for the two
samples from No. 7 and No. 8 Sandbanks. There

was no significant eorrelation between annual
November-Deeember eluteh count and the
southern oseillation index measured
approximately 1.5 yr before the nesting season
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TABLE 30. Comparison of annual eluich eounts of
Chelonia mydas from Raine Island and No. 7 and No.
8 Sandbanks.

- ‘],— _Cluteh eount
vear L‘T.\Iean ] SD r» Range _I_ N
Raine Island: November-December o ™
1976/77 11027 | 1902 63147 | _ 48
1977778 | 1030 | 2134 65-160 | 38
197879 | 105.1 19.31 69-143 59 |
1979/80 | 1043 24.85 59-158 24
Closus2 | i3 | 1725 | w952 | 20 %l
1982/83 | 1039 | 1232 79-123 | 22
1984/85 | 1178 203 | 62175 36
1985/86 | 106.2 19.51 | 76163 38
1986/87 93.9 14.50 66-130 9
1991/92 99.1 2137 62142 45
199293 | 1018 | 140 73-130 54
199495 | 1112 19.65 75-139 a0 |
1995/96 100.7 23.6 + 47-124 9
1997/98 118 L 18 1
1998/99 91.1 18.92 65142 | 20
2000001 99.0 18 | 724126 g |
Combined | 103.88 | 19.83 47-175 501
One way ANOVA: Fys5.x5 = 3.60; p<0.001; significant
|Raine Istand: April
'Z{;’f L83 'L 17,82 [ 62-111 T 7
No.7 and No. 8 Sandbanks: Deeember L)
1988/89 | 116.0 26.55 88-147 4
1991/92 97.4 19.19 68-118 6
Combined | 10484 | 25.52 68-147 10

(Fps = 3.43; 0.2>p>0.1. t* = 0.196, DF = 14)
(Fig. 36). However, the clutch count from the
extreme El Nino and La Nina years are very
poorly represented in the samplcs (Fig. 36). This
relationship warrants further investigation.

No attempt has been made to record suceessive
clutches from.the same turtle within a breeding
season at Raine Island. The smaller clutches laid
in April (Tablc 30) are consistent with the declinc
in clutch count that Parmenter (1979) recorded
with the last clutch for the season with cach turtlc
at Bramblec Cay. The mid season clutch count
(Table 30) and egg diameters from Raine Island
(Table 32) is very similar to the December clutch
counts and egg diameters from Bramble Cay
(Parmenter, 1979) and the mean clutch count of
102.2 mcasured across the entire breeding scason
at Bramble Cay in 1979/80 (Limpus ctal., 2001).
Clutch counts from Heron Island (Bustard, 1972;
Limpus, 1980b; Limpus et al., 1984a) arc higher
than the clutch counts recorded in most years at
Bramble Cay and Raine Island. When compared
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FIG. 38. Portion of an ovary from an breeding female
Chelonia mydas that died while ashore for nesting on
Raine Island, 9 Deeember 2002, In addition to the
normal 25-32mm diameter mature follicles (MF), this
turtle had many large 25-32mm diameler atrelie
follicles (AF).

worldwide, C. mydas clutch counts and egg
diameters from the various rookerics scattered
within the GBR are rclatively uniform and oecur
close to the middle of the range for the species
(Hirth, 1980: Miller, 1989).

Counting the number of eggs in a clutch at
Raine Island is complicated by the disturbanee of
nesting turtles by other turtles. A turtle that has
been disturbed before she has laid any cggs from
the current clutch can be expected to return to lay
those eggs later on the same night or on a
subsequent night without reducing the number of
eggs in her clutch (Miller, 1985; Limpus, 1985).
However, if a turtle has laid part of her clutch and
is disturbed while laying, she can be expected to
cease laying the remainder of the clutch and
move off the nest with the following
consequenees (Miller, 1985; Limpus, 1985). If
she has laid less than approximately half a elutch,
she can be expected to return to lay the remainder
ofthe clutch cither on the same night or within the
next few nights. In this case shc will have
deposited two “elutches’, cach with less than less
than the actual clutch count. Should she have laid
morc than half a clutch before shec was disturbed,
she is unlikely to return to lay the remainder of
that clutch on the beach. She will normally rcturn
in about two weeks to lay a complete clutch.
Somc turtles can be secn laying small numbcrs
eggs as they return across the beach to the sca at
Rainc Island. On occasions, turtles can be seen
underwater and resting under ledges along the
edge of Raine Island Reef with small clusters of
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TABLE 31. Frequency of occurrence of yolkless and multiyolked eggs in Chelonia mydas clutehes at Rainc
Island. Unless othernwise stated, measurements were recorded in November - Deeember.

eggs under the tail. In both these cases, it is
presumed that these are females that have been
disturbed after they have laid morc than half a
clutch and werc voiding the remainder of that
clutch. For these turtles, the *clutch’ laid on the
beach is less than a complete clutch and the
voided cggs represent a loss of eggs to the
rookery. Thus in high density nesting seasons,
therc will bc a number of apparent clutches
TABLE 32. Seasonal variation in Chelonia mydas egg
diameters at Raine Island and No.8 Sandbank. 10
eggs measured per cluteh during November -
December.

- E ) - ~Yolkless eggs per clutch L - Mulnyolkt.d eggs per clutch . il
| 5 | Mean ST =y Range | n Mean J_ SD | Range DR
Cwerenn | 005 024 | o1 | 20 0 0 20
| or1s | 0a3 0404 | 02 | a0 | ) 1

oo | olo 039 [ 02 [ e o [ 0 60
1979/80 0.04 0.204 0-1 24 0 0 24
Tiosm | o8 0529 02 | e | - | [ -

1982783 009 0288 0-1 3 - |
| 1983/84 Apr 014 | 0350 0-1 7 o 0 7
| 1984/85 011 I 0393 0-2 3 | 017 0.697 0-4 36

1985/86 0.11 | 0.383 | 0-2 39 0.03 0.160 0-1 39

Combined 012 | 039 | o2 | 39 0.03 0.290 04 | 224

g;%.‘:;’Ay Fos3e = 0.37; p~0.25; not significant Fea17 = 1.69; 0.1>p>0.25; not 51gnxf'C'1nl

Egg diameter
R f Mean ‘ SD Ean e l N
[— S SCE D ESE
= Raine Island -
.4 1976/77 438 0.081 4.15ﬂ7 160
197778 0.163 | 4.10-538 | 400 |
97879 _5;39 0.138 | 4.01-4.70 460
_1981/82 4.37 0129 | 3.93-4.67 200
| 1982/83 442 0.114 | 4.18-4.60 | 200
1983/84 (Apr), 433 0.179 | 3.86-4.61 F 70 |
1984/85 | 440 | 0.132 | 3.93-4.85 390
1985/86 | 4.36 0.019 | 4.03-458 | 240
| 1986/87 434 | 0127 | 3.86-4.78 390
1988/89 4.33 [ 0.126 4.11-4.58 540
| 199192 | 434 | 017 | 402459 | 450
i 1693/94 425 I 1.87 3.66-5.09 | 950
_*1994/495_ | 430 013141:384-467 44
No. 7 and No.
8 Sandbanks |
1988/89 43] |_0.161 4.11-4.50
| 199192 | 431 | | olos 4 19442
| All combined 434 O | 0.860 3 66-5.38 4594
L One way ANOVA Fi4 1579 = 1.5 =1. 56 0. 1>RSO 05 nov_sl&,v_mﬁcant

counted that will be less than a complete clutch.
The impact of this turtle-turtle disturbance in
altering the average numbcr of eggs in a clutch
remains unquantificd. Of grcater conscquence in
high dcnsity nesting seasons should be the
depletion of the stored fat reserves if the wrtle
makes numerous unsuecessful nesting crawls
over an extended series of nights. The turtles seen
at nccropsy that have large numbers of maturc
sized, atrctic follicles are believed to be turtles
from this latter category that have commenced
mobilisation of the nutrient and cnergy reserves
of some mature follicles to maintain their nesting
activity and possibly support their homeward
migration. For these turtles, the consequence of
repetitive disturbance would include a reduction
in the number of clutches she can lay for the
scason. While the impact also rcmains
unquantificd. there is a density dcpendent cffect
in high dcn51ty nesting seasons that should result
in a reduction in clutch count and a reduction in
the number of clutches laid for the season.

Yolkless eggs and multiyolked eggs werc
uncommon and there was no significant
difference in the occurrence of yolkless eggs or
multiyolked eggs per clutch among the seasons
(Tablc 31). The low frequency of yolkless eggs
per clutch is typical of the species from the non
Arabian Peninsula rookeries (Miller, 1989).

There were significant differences in the mcan
egg diamecter between clutches laid by different
femalcs within the one brecding scason (one way
ANOVA, p<0.001 in cach season). The scasonal
samples of clutch counts are summarised in Table
32. There were no significant differences in egg
diamciers among nesting secasons or between
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TABLE 33. Depth from beach surface to top and bottom of Chelonia mydas clutches at Raine Island, measured

from the beach surface at the completion of laying.

r B ‘ Nest depth to top of eggs (cm)' Nest depth to bottom of eggs (cm)

Mean Sb Range N Mean SD Range N
1977/78 70.0 s 70 1 85.7 9.81 74-98 3
| 1978779 52,0 11.40 36-77 20 75.7 12.36 60-100 17
| 1979/80 51.8 13.53 | 3388 24 91.] 19.73 64-152 | 16
1981/82 = | 82.5 15.73 55-96 60
198283 - [ 782 7.78 60-95 26
| 1992193 c | l 795 9.64 66-90 11
1994195 - | | 81.0 18.12 65-109 5
Combined 52.3 1261 | 3388 45 81.63 14.73 55-152 138

ggfo"{j’t{ \] F242 = 1.01;p>0.25; not significant Fg,131 = 1.99; 0.1>p>0.05; not significant

Raine Island and No. 8 Sandbank. The mean size
of the cggs laid by nGBR stock C. mydas (Table
32) arc very similar is size to those laid by sGBR
stock females (Limpus ct al., 1984a). However,
in the extremes. the smallest nGBR C. mydas
eggs were smaller than castern Australian Caretta
caretta eggs (Limpus etal., 1984a) and the largest
eggs were comparable in size to eastern
Australian N. depressus eggs (Limpus, 1971).

Given the similarity of the recorded data from
Raine Island with that from Bramble Cay and the
diffieulty of repetitively sampling the same
female at Raine Island to determine valid whole
season valucs for most cluteh related parameters
and for renesting interval, it is proposed that the
Bramble Cay clutch data and renesting interval
should be used to describe these parameters for
Raine Island turtles.

NEST DEPTH. Dcpths of eggs within the sand at
the completion of laying are summarised in Table
33. No significant intcr-seasonal diffcrence in
nest depth was detected (Table 33). The mean
depth to the top of a clutch was 52.3cm and the
mean depth to the bottom of a clutch was 81.6cm.
These nest depths are eonsiderably deeper than
nests constructed by sGBR stock females

(Limpus ct al., 1984a).

EGG MORTALITY CAUSED BY NESTING
TURTLES. Some nesting turtles dig into existing
clutehes (Fig. 37) as they prepare their own nests.
It is unusual for the entire existing clutch to be
disturbed. cither by being dug outor rolling down
into the new egg chamber. When incubating
turtle eggs are moved there is a high probability
of mortality unless care is taken in their handling
(Limpus et al., 1979; Parmenter, 1980b). Eggs
dug up by nesting turtles are jarred violcntly and
even if they are not broken in the process, they are

most likely killed as they are thrown out. In
addition, eggs thrown to the surfaee and
surviving the jarring are most likely to desiecate
in the hot dry sand by day and die. Thus the eggs
thrown out of existing elutches by nesting turtles
are rcgarded as totally killed. When these eggs
are eaten by birds it will be trcated as scavenging
rather than predation, since birds are not the
primary cause of the mortality. At Raine Island
and Moulter Cay, buff-breasted landrails, rufous
night herons, silver gulls and all the species of
terrestrial crabs regularly scavenged on turtle
cggs brought to the surfacc by nesting turtles.
Egg mortality caused by nesting turtles was
measurcd in a two step process that quantitied the
rate of disturbance of clutehes by nesting turtlcs
and quantified egg mortality per disturbed clutch.
Clutch Disturbance by Nesting Turtles. Two
counts of cluteh disturbance by ncsting turtles
have been measured over the entire beaeh at
Raine Island during periods of low density
nesting. 1980/81, 8-12 December: In this very
low density nesting season only 1 clutch was

FIG 39. Loss of eggs as a nesting turtle digs into an
existing clutch at Raine Island, 19 December 1984.
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TABLE 34. Numbcrofcggs destroyed per clutch when
nesting Chelonia mydas dug into existing clutches at
Raine Island. Samples wcre taken from throughout
the nesting habitat of the island.

e Egg montality per disturbed clutch
Mcan r SD | Range I N
Raine Island
1981: 12 Nov-15 Dec 18.0 13.69 2-54 33
1982: 11 Nov-10 Dec 21.6 15.53 6-62 21
1684: 21 Nov-23 Dec 233 13.15 5-61 49
1985: 29 Nov-19 Dec 14.0 13.24 1-71 44
1986: 22 Nov-16 Dec 32.9 26.62 4-125 70
1987: 29 Nov-5 Dec | 28.0 12.78 | 12-59 11
1988: 29 Nov-8 Dcc [ 16.9 5.65 2-59 48
1994: 30 Nov-10 Dec 335 18.2 1-82 4|
1996: 1-12 Dcc 10.8 8.8 2-40 80
1997: 29 Nov-19 Dec 18.2 12.95 1-62 74
1998:30 Nov-TDee | 818 | 745 | 125 | 1 |
1999: 28 Nov-11 Dec 15.3 11.11 1-50 241
2001:1-10 Dec 19.77 | 1381 2-77 128
Combined 18.28 14.881 1-125 814
Onc way ANOVA: F 31 = 11.94; p<0.001; significant

disturbed by nesting turtles in 5 successive nights
of observation. With approximately 81 nesting
females ashorc per night on the whole island, if
nesting success isassumed to be at least 50% then
this would give an estimated nightly elutch
disturbance by nesting turtles for the entire island
=0.005 (Table 35). 1982/83, April: In five nights,
a total of 16 beachings oecurred (Table 3) but no
incubating clutches were disturbed by the nesting
turtles. This is the only measure of clutch
disturbance from latc in a nesting scason.

For a more rapid assessment during higher
dcnsity ncsting scasons, clutch disturbance was
quantified in the same sampling sites, A to E (Fig.
2), on Raine Island as were used for measuring
nesting success. Nightly clutch disturbance by
the nesting turtles during November-Deecmber
within these sites is summarised in Tablc 29.
These cluteh disturbance data, combincd with
those from following individual females, showed
a significant correlation with the mean tally count
(MTC) for the respective sampling period (Fig.
35B): clutch disturbance = 0.000548 x MTC +
09118 (Fy 16 = 15.90; p<0.001; significant. =
0.4984, DF = 16.). Clutch disturbance by nesting
turtles, measured in a standard sampling period
across several breeding seasons, is therefore
positively correlated with the density of the
nesting turtles on the island. Since the density of
clutches in the beach will increasc through the
nesting scason until substantial numbers begin
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TABLE 35. Turtle induced cgg mortality - a summary
of the annual egg mortality per disturbed clutch
(EMpDQ), rate of clutch disturbance (CD) and clutch
count rccorded for Chelonia mydas at Rainc Island
(From Tables 34, 29, 30 rcspectively.). The clutch
equivalent egg mortality per clutch laid (CEEM) was
calculated as: CEEM = (EmpDC X CD)/clutch. *
denotes an estimatcd value.

. Clutch equiva-
Saopa| EMpDC | cp | Chueb | e oleRE
laid
Novembcr-December
1980 5 0.005 5 0.001*
1981 18.0 0.46 113 0.074
1982 21.6 0.15 103.9 0.031
198 | 233 0.80* 1178 0.158*
1985 14.0 0.10 106.2 0.013
1986 329 0.65 93.9 0.228
1987 28.0 0.58 94.6 0.172
1988 16.9 0.18 102.2 0.030
1991 L 0.40 99.1 s
1992 = 0.15 101.8 =
1993 - 0.40 5 .
1994 33.5 0.14 1112 0.042
1995 = 0.23 100.7 o
1996 10.80 11.0 o -
1997 182 0.32 118.0 0.049
1998 8.18 0.04 91.1 0.040
1999 15.30 0.14 =
2000 - 0 99.0 0
2001 19.77 0.28 = -
April
1983 | - | o | - | 0

hatching, cluteh disturbance should also be a
function of when in the nesting season it is
measured. Thus the above mid season
measurements cannot provide a total seasonal
summary of clutch disturbanec by nesting turtles.

Egg Mortality Per Disturbed Clutch. The number
ofeggs dug fromexisting clutehes when ancsting
turtle disturbed them was counted for a series of
elutches in most breeding seasons (Tatgle 34).
There were signifieant inter-scasonal differcnees
in egg mortality per disturbed clutch (one way
ANOVA: Fyag01 = 11.94; p<0.001; significant)
but there was no significant eorrelation deteeted
between egg mortality per disturbed elutch and
the mean tally count of the sampling pcriod (Fi i
=0.305; p>0.25. * = 0.027, DF = 11). The mean
cgg mortality per disturbed clutch, pooled across
the nesting scasons was = 18.3 (Table 34).

The rate of egg loss per clutch laid during each
sampling period is expressed as a clutch



424

MEMOIRS OF THE QUEENSLAND MUSEUM

TABLE 36. Straight carapace length and weight of hatchling Chelonia mydas from Raine Island. h denotes

hatchlings, ¢ denotes clutches.

equivalent egg mortality (CEEM) and 1s
tabulated in Table 35. When the annual CEEM
values for the Deecember sampling period are
correlated against the respective mean tally
counts (MTC. Table 35), there was a very
obvious positive correlation of egg mortality
with nesting density (Fig. 35A): CEEM =
0.000036MTC x 0.002125 (F, 5 = 14.88;
0.0025>p>0.001. r" =0.6504; DF = 8). The clutch
equivalent cgg mortality varicd from a low valuc
of approximately zero in December 2000 and
0.005 in December 1980 to 0.23 during dense
nesting in December 1986. There is also the
potential for substantial intra-seasonal
variability, particularly in the early and late
breeding scasons relative to mid season. For
example, CEEM was approached towards the
end of the 1982/83 nesting season. The data (Fig.
32) suggest that there will be a definable
mathematical relationship between CEEM and
the mean tally count that should have potential in
modelling the scasonal egg mortality caused by
nesting turtles. However, to achieve this it will be
necessary to systematically sample from
additional medium to very high density nesting
seasons to establish the relationship with any
precision. Additionally it will be necessary to
determine the variability of CEEM throughout
several breeding seasons with differing nesting
densities and relate the within season model to
the standard sampling period data that can be
gathered over a larger series on breeding scasons.

Bustard & Tognetti (1969) proposed that C.
mydas clutch destruction at Heron Island was
density dependent on the size of the nesting
population. However. they did not precisely
define their methodology. Bustard & Mathers
(1975, unpubl., reported in Bustard, 1976)
indicated that there was substantial destruetion of
Caretta caretta clutches by nesting C. mydas at
Heron Island. Studies at Heron Island (Limpus
unpubl. data) have been unable to reproduce

Breeding L Straight carapace lcngﬂll (cm) B J} . _ Weight (g)ﬁ o | o1

| Season Mean 8D range Mean SD __range l_ e
1974/75: Feb 491 0.191 4.17-5.22 239 1.92 17.5-27.5 _69h,7¢
1978/79: Dec_| 4380 0.099 4.70-5.00 229 | 088 215-245 | 8hlcl

| 1979/80: Jun_ 483 | 1978 | 384517 26 | 1.6 18.0-25.0 57h 6
1982/83: Apr | 48 |  0.160 : 4.31-5.14 R 1.95 20.0-285 | 100 h.l()-c-1
1983/84: Apr 487 | 0.183 | 4235-5.43 238 | 191 185295 | 460h.46c

[ Combined | a8 | _oss | ssess | aw | e | usms | ewnme |

comparable data sets to those in the above studies.
The data as presented by Bustard & Tognetti
(1969) suggests that nesting densities such as
those at Raine Island and Moulter Cay arc un-
sustainable. It would be appropriate at this time to
investigate new models to deseribe the possible
role density dependent egg destruction by nesting
turtles in regulating the population size.

While egg destruction is an obvious feature
observed on nights of dense turtle nesting at
Raine Island, it represents an egg loss equivalent
to only a small portion of the nightly cgg
produetion— eertainly in the carly to middle part
of the nesting season. There is a large net gain in
eggs to the beach each night during the nesting
scason. This turtle induced egg mortality in low
1o medium nesting density ycars at Raine Island
is smaller than the 33-44% mortality of Bramble
Cay C mydas cggs which are lost through
erosion each summer (Parmenter, 1980b; Limpus
etal., 2001). In Surinam, Schulz (1975) estimated
that C. mydas egg mortality from tlooding and
erosion of nests was 30%, 38% and 44% in each
of the 1971, 1972 and 1973 breeding seasons
respectively. High egg mortality would appear to
be a natural feature of at least several widely
scattered €. mydas rookerics which are
functioning at very different nesting densities.

HATCHLINGS

Hatchling C. mydas were only examined in
detail from Raine Island. These hatchlings were
typical for the species with dark brown to black
dorsal eolours and white ventrally. Dorsally the
trailing margin of the flippers and the carapace
margin were edged in white.

HATCHLING SIZE. There was no significant
difference in hatehling straight carapace length
(SCL) among the annual samples of freshly
emerged hatehlings (Mean hatchling SCL =
4.86em) (Table 36). There were significant
differences in hatchling weight among the annual



GREEN TURTLE POPULATIONS OF RAINE ISLAND

TABLE 37. Frequency distribution scute pattcrn on
hatchling Chelonia mydas from Raine Island. * All
costal and vertebral variability and most of the
remaining variability occurrcd ‘in onc clutch. # 3
hatchlings from one clutch sample each with 2 small
scutes bctween the pair of prefrontals = inter-
prefrontal scutes, Onc hatchling from another clutch
with an intervertebral scutc between st and 2nd
vertebral scutes. ** preoceular scales were not
counted with all clutches.

e

4 | Dee | ‘50| Ape | Apr | Toul
Clutchesexamined | 1 | 6 | 10* | 46 | 63
Scute fg:;‘; L Frequency o
Nuchal L | 8 [ 57 | 100 | 457 | 622
2 3 | 3
Vertebral 5 8 52 97 441 | 598
i 6 3 3 14| 20
7 2 | 4 | 6 |
8 1 T
Post- 1/1 8 57 98 450 613
vertebral 1/2 2 4 6
22 6 6
Costal 4/4 8 53 97 450 608
4/5 | 2 3
5/4 2 4 6
5/5 2 1 4 7
5/6 1 1
Marginal 10/11 1 1
11710 1 |
11/11 8 57 99 453 617
12/12 5 5
13/13 i 1
Postoccular | 1/1 1 i
313 5 1 14 20
34 | 1 3 2 6 12
4n 2 1 10 Bl |
4/4 6 35 80 | 336 | 457 |
4/5 3 4 40 4l |
5/4 4 9 35 | 48 |
5/5 ! 5 2 | 18 26
[ s | i 4
Preocular** | 0/0 - 57 100 157
Prefrontal 2 8 57 100# 459 624
1 L1 I
Post- |1 1 2 o5 4
parictal 2 3 54 14 372 448 |
3 3 16 71 90
[ 69 14 83
5 1 1 22
Infra- 33 2 2
marginal /4 1 3 4
3/5 1 1
4/3 2 5 7
/4 8 54 97 | 435 | 594 |
4/5 1 1 2
5/4 1 9 10
5/5 1 5
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samples (Mean hatchling weight = 23.80g)
(Table 36). The size of the hatchlings varied
significantly between clutches within cach breed-
ing season (Table 36). The inter clutch differences
in hatchling weights may reflect varying degrees
of desiccation of the hatchlings as they dig their
way from the nest to the beach surface.

Fora sample of 100 hatchlings from ten clutches,
there was a significant log-log correlation
between straight carapace length and weight:
logjowt = 1.4406 log,yCCL- 1.046 (wting, CCLin
¢m; 1 = 0.607, n = 100 hatchling, p<0.001).

These hatchlings were very similar in size to
emerged C. mydas hatchlings from Bramble Cay
in 1978/79 (mean SCL = 4,85cm; mean wt =
23.23¢: Parmenter, 1979) and from Hcron Island
in 1974/75 (mean SCL = 4.97cm, mean wt =
24.83g; Limpus, 1980b) and in 1980/81 (mean
SCL = 4.89cm, mean wt = 24.93g; Limpus ct al.,
1984a). C. mydas hatchlings from both the
northern and southern GBR are similar in size
and collectively are near the middle of the sizc
range for hatehlings worldwide (Hirth, 1980).

HATCHLING SCALATION. The variability in
hatchling scute pattern is summarised in Table
37. The modal scute pattern of the Rainc Island C.
mydas hatehlings was typical of the species: 1
nuchal, 5 vertebrals, 1/1 post vertcbrals, 4/4
costals, 11/11 marginals, 4/4 postocculars, 0/0
preocculars, 2 prefrontals, 2 post parictal, 4/4
inframarginals (Pritchard, 1979).

INCUBATION AND EMERGENCE SUCCESS.
In assessing hatching and emergence success at
Raine Island, no attempt was made to quantify
the proportion of clutches that produced zero
emergence of hatchlings to the beach surface.
There is. therefore, no measure of total clutch
failure for this rookery. Total clutch failure can
result from erosion and flooding by high tides,
from problems within the egg that are derived
from the female herself and possibly from
microbial infections. At Raine Island there is an
additional problem of flooding by a rise in the
water table below the island following rain, with
very high tides or from storin wash over of the
beach. For example: in April 1984, following
heavy rain, the water table on the beach was
above the sand surface in the lower parts of the
beach depression (between the beach crest and
the cliff) with pools of water lying scattered in the
lower areas of the beach. Nests along this
depression that contained eggs yet to hatch would
have been flooded for several days. When turtle
eggs arc immersed in watcr for more than a few
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TABLE 38. Hatching and emergence success of
Chelonia mydas clutehes that produced haichlings 10
the beach surface at Raine Island.

B | 1979 June 1983 April | 1984 April
No. of
clutches i 37 16 162 |
Hatchlings
T T T T
Emerged I ] |
Emerged | 2814 |7437% 1278 |8277% 13115 | 78.35%
Live in I { }
_ 7 |oas% | 16 { 104% 78 | 047%
T
Dead in "
i 13 {034% 11| 071% 81 | 048% |
Eggs I
1 T o |
Unhatched| 256 | 6.77% | 142 | 9.20% | 1328 | 7.93% |
1 T
Do | 669 |17.68% 94 \[(xo‘)%1 1942 | 11.60% |
[ l [
Predated . 0 :
Predued | 25 o066 | 3 [0de 195 | L%
Total | 3784 | | 1544 16739

minutes they drown. Fig. 40 illustrates the
flooding of cggs by an clevated water table in
February 1997. That February visit to Rainc
Island followcd one of the largest recorded
December nesting populations, so it was
expected that vast numbers of hatchlings would
be crossing the beach daily. Instead. only tens to
low hundreds of C. mydas hatchlings were
crossing the beach nightly. In response to this
uncxpected low hatchling production, 93 holes
were dug to ncst depth at random locations within
each habitat type and cach 100m sector around
the beach platform. Dead turtlc eggs in situ in
nests were encountered in every hole. No live
eggs were found in any holc. It is highly likely
that only a trivial proportion of the cggs laid on
Raine Island during the massed ncsting scason of
1996/97 produced hatchlings.

Sinece 1996, flooding of much of thc nesting
habitat during the mid nesting season has been a
regular event. Subsequent extensive flooding of
the nesting habitat, as evidenced by the water
tablc being visible in the bottom of body pits,
oceurred through at least early to mid December
of 1998. 1999 (Figs 9, 10), 2000 and 2001. Eggs
that were laid up to 8 wecks prior to these
flooding events are cxpected to have drowned
and failed to hatch. Only 1997 had a relatively dry
early nesting season (Fig. 7) and should not have
had’ the clutches subjeeted to this broad scale
flooding.

Hatchling emergence in Fcbruary-March
which should originate from the peak peniod of
nesting has only been evaluated in February
1997. Most hatching and emergenec success data
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F1G. 40. Cheloniamydas laying cggs into a watcr-fillcd
egg chamber on the eliff top at the western end of
Raine Island, early Fcbruary 1997.

havc been recorded from four samples of nestings
from the latter part of ncsting scasons. The
hatching and emergence suceess are summariscd
in Tablc 39. There was a low proportion of eggs
that showed no obvious embryonic devclopment
(6-18% of eggs laid) and a high proportion of
hatchlings successfully emerged onto the beach
surfaee (74-83% of eggs laid). Predation of eggs
within the nests was low (0.19-1.16%) and could
be attributed to predation by the ghost crab
Ceratophthalmus cordimana. the only ghost crab,
living in the supratidal habitats. Thesc values
apply only to elutches that produced hatehlings to
the beach surface.

On four occasions, emerged cluteches were dug
to determine the proportion of clutches that had
becn laid into an existing clutch:

1979, 13-14 December: of 38 emcrged clutches dug, | was
a elutch on top of another and both these clutehes had a
high hatehing success. Only one of the 38 clutches
contained yolkless eggs.

1980, 8-24 Junc: of 78 cmerged clutches dug, 3 were
cluiches that had been laid into an existing clutch and in
cach casc both the clutches had a high hatching success.

1983, 24-29 April: of 18 emerged clutches dug. 2 were
clutches that had been laid into an existing clutch and in
cach case both the cluiches had a high hatching success.

1984, 3-25 April: of 162 emcrged clutches dug, no clutch
had been laid into an existing clutch,

These obscrvations indicate that the eggs remain-
ing in disturbed clutches can have a comparablc
hatching sueeess to those in undisturbed elutches.

Emerging hatehlings dug to the surfaee from
nests that had a mean depth of 80.6cm (SD =
9.073, range = 44-102, n = 200). This ncst depth
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TABLE 39. Matching and emergence suceess data
(Table 38) from Chelonia mydas elutches at Raine
Island reanalysed on a cluteh by clutch basis,

N e Mean | SD Range n_ |

1979: June (37 clutches) N
Cluch coutedat | 16399 | 22345 | sg168 | 37
emergence) -
E?g;gfl%fghhawh'ji | 7605 | 30305 | 1149 | 37

. ol Sf [
Live wEEE 019 | 0462 02 | 37

sl DT I T [
pegdhatchlings per | 35 0538 02 | 37
LLICHEINES Per | 692 | 967 041 37
cluieh “OPd BT 1808 | 15004 | 1ss | 37
Crab predated eggs

crohteh | 068 | 20% 0-10 37 |
Hatching success (%) | 74.45 | 23.137 1.17-99.0 37
Secangemergence | 7390 | 23184 | 117.990 | 37
Nest dpth (cm). | 7664 | 7407 | 6596 | 33
b_1_<_)_83:/\pril(l6 clutches) __[__ e |
emergensg 4| 9650 | 25458 | 4639 | 16
Emergeahatchlings | 7968 | 25458 | 46-139 | 16
Live hatchlings in
nest . 100 | 1317 0-3 16
Dead hatchlings per
nest ‘N 0.69 | 1352 0-5 16
Unhatched eggs per | g gy | 3484 0-31 16
;{{}:’c‘}}""’md cges per T 588 | 7.822 032 I6J
Crab predated eggs o »
perctuich e | 019 | 05k 0-2 16 |
Hatching success (%) | 8552 | 13.139 | 45.68-100.0 | 16
e eouink £mergence | 8392 | 13352 | 4a82.1000 | 16

st depth (em), bot- |
g gLt °ii 7973 | 6.638 | 6590 | 15
1984: April (167 clutches)

B4: April (167 clutch |
Clutch (counted at
i (ol ® 10333 19ses | 37ass | 162 |
Emerged hatchl
perctuch | %096 | 21,600 L 18-139 | 162
Live hatchlings i -
&isf 1gs in 048 | 1.035 0-8 162
Dead hatchlings pe i
nisf:f “ij”év* per 050 | 2.622 0-31 162
Unhatehed eggs 17
dlich o Pt | 820 | 7846 0-53 162 |

developed egg o ]
closen T EER 1199 | 12882 | 09 162

b predat [
e BB | 120 | 2ms 0-18 | 162
Hatching success (%) | 79.58 | 14.958 | 20.43-100.0 | 162 |

I' » > - |

;fgggsgng%/;;“”s‘m_‘ 7862 | 15205 | 19.35-100.0 | 162
hiest depth (cm), | 8155 t 9.400 | 44102 | 152
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was not significantly different to the nest depth
recorded at laying (t>0.2) (Table 33).

The high emergence success of non disturbed
and non inundated C. mydas cggs incubate at
Rainc Island (Table 39) indicate that they do not
suffer from the very high level of microbial
induced mortality associated with the high
density Lepidochelys olivacea rookeries of
Pacific Costa Rica (Cornclius 1986). The limited
data suggest that the hatchling emergence from
undisturbed nests will be very similar to that of
the low density C. mydas rookerics elsewhere in
the GBR, at Bramble Cay in 1978/79 (72.1%, n
=31; Parmenter, 1979) and at Heron lsland in
1966/67 and 1967/68 (87.9%. n = 26; 84.9%, n=
40 respectively; Bustard. 1976). Similarly the
hatching success of the undisturbed Raine Island
clutches was comparable to the hatching success
recorded for Heron Island C. mydas clutches in
1980/81 (mcan = 90.2%, n = 60; Limpus ct al.,
1983¢).

HATCHLING PREDATION. 1975, 28
February-4 March: A typical day’s observation of
hatchling cmergence and predation was as
follows:

4 March. 1500hr almost no hatchlings werc erossing
beach. 1515hr, immediately following the mid aftemoon
heavy rain shower, large numbers of hatchlings were
observed erossing the beach and entering the flat calm sea.
Bird predation was intense at this time, Sharks and large
fish were very obvious as they broke the smooth sca
surface while feeding on the hatchlings streaming away
from the island. The sharks were mostly Carcharfins spp.
{blaek-tipped whalers and grey whalers) the largest of
which were in excess of 2m in length. The fish were mostly
trevally, Caranx sp. By 1630hr there wis again inlensc
sunlight and few hatehlings were erossing the beach. From
1730hr onwards, even though there was only scattered
cloud, abundant hatchlings were crossing the beaeh. Vast
numbers of hatchlings were crossing the beach throughout
the night into the hours approaching dawn. Approximately
no hatchlings were crossing the beach during the mid
moming hours the following day.

Predation by birds: Rufous night herons were scattered
around the beach late in cach afiemoon and were observed
regularly to pick up C. mydas hatchlings. Some were caten
on the beach but others were carried away. Regurgitated C.
myddas hatchlings were seen at rufous night heron nests
containing unfledged chicks, Crested tems were observed
on four instances to pick C. mydas hatehlings from the
water and on three instances to take hatchlings from the
beach. In each case the hatchling was subsequently
dropped and no further atiempt to recover the hatchling
was made by the bird. The regurgilated remains of C.
mydas hatchlings were adjaeent to numerous erested tem
nests on Moulter Cay (5 February). None of the other
species of birds (King, 1986) that were numerous around
the island during these mass daylight emergenees of
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TABLE 40. Observed predation of Chelonia mydas
hatchlings during emergence from the nest and the
beach erossing phase at Raine Island during 4-7 April
1984. * denotes avian predators did not approach the
nest, probably because of its close proximity to the
bird hide and most hatchlings reached sea. The
numbers of hatchlings that successfully reached the
watcr are shown in parenthesis.

- = —

( luluhcs cxammt.d B j”
Predation on hatchlings
Date | No.of crossing beach Not
| clutches Part of | quantifi ed |
| Ui Sie | _clutch
4h | 15 10| 1aos | 367 1+ |
Sth | 10 10 0 0 1
6th | 25 21 0 375 | 1+
Th | 9 | 8 0 94 | 2 |
1
L Toat [ 69 | 49 | 1009 [ 15046 | 4

hatchlings werc observed to show any interest in the
hatchlings. Even the larger species of sea birds present
(brown, red- footed and masked boobies, lesser and greater
frigatebirds, red-tailed tropicbirds) were not predators of
the hatchlings.

Attraction of hatchlings to lights: When the deck lights of
boat anchored adjacent to the western end of Raine 1sland
recf were Icft on after dark. there was a dense carpet of
hatchlings across the smooth water surface in the
illuminated area within minutes. The hatchlings did not
swim from the illuminated arca but swam back and forth
within it. Large numbers of fish and shark could be seen
preying on the hatchlings. The light acted as a trap, holding
the hatchlings in a dense concentration, and madc them
casy prey for the fish. When the lights were switched ofFthe
hatchlings dispersed away from the island out into the open
sea. A Carcharhimes sp. (~150cm long) caught on the
westem reef edge at 2100hr had a stomach contentof 17 C.
mydas hatchlings, ranging from well digested to still alive.

1978, December: A small crocodile, Crocodyius porosies,
was captured on the reef flat (Limpus, 1980c). This
crocodile was using the island as a basking site by day and
appeared to be foraging along the beach margin at night. Its
stomach contained no food.

1980, 8-13 Deccmber: Ghost crabs, Ocypode ceratop-
thalmus and O. conlimana were abundant along the water
line at night. Both were observed preying on the hatchling
Chelonia nivdas. Several of the small grey terrestrial
hermit crab, Coenobita sp., were present but they were not
obscrved to prey on turtle hatchlings.

1984, April: Rufous night herons were observed daily and
nightly on the beach throughout the visit.

Thesc were obscrved aggregating around nests
and preying on the hatchlings as they emerged
from the nests (Fig. 41). Example predation casc
histories:

1) At 1745hr on 7 April, 113 rufous night herons were
observed in the vicinity of one nest with 58 of them
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FIG 41. Rufous night heron, Nycticorax caledonicus,
preying on a Chelonia mydas hatchling at Rainc
Island. April 1983.

crowded at the nest site. Thesc birds were observed to eat
67 C. mydas hatchlings from this nest. The hatehlings were
taken as they cmerged from the nest to the beach surface or,
for hatchling just below the sand surface and wriggling to
disturb the beach surface, the herons stabbed down to grasp
and pull the hatchling from the nest. The herons carried the
turtle hatchlings from the nest site and away from other
birds before swallowing them whole.

2) On 11 April, observations over the southeastem beach
commenced at 1600hr. A group of 15 rufous night herons
was present . Other birds in the vicinity included common
noddy, lesser frigatcbird, silver gull, ruddy tumstone,
Australian ibis. crested tern. 1620hr 25 rufous night herons
present; 1650hr 9 rufous night heron present. 1710-1715hr,
C. mydas clutch emerged with 50 hatchlings taken by
rufous night hcrons and 1 by a crested tem. Herons were
coming and going during the hatchling cmergence and 39
were still present aficr the hatchlings ceased emerging.

HATCHLING PREDATION RATES DURING
THE BEACH CROSSING. Hatchling predation
was quantified at two periods of different
densities of rufous night heron at Raine Island.

During April 1984, thousands of rufous night
herons werce breeding at the island with ehicks in
the nests. The number of clutches of C. mydas
hatchlings emerging per 24hr period was counted
on 13 days during 3-25 April 1984. The mean
daily number of clutches of hatehlings emerging
was 20.5(SD=5.18,range=14-32,n=13). Over
four days and nights, 4-7 April. predation of C.
mydas hatchlings during the beach crossing up to
their cntry to the sca was quantificd for as many
clutches as possible. The results are summarised
in Table 40. From this samplc, 350 hatchlings
reached the sca from 69 clutehes (assuming
cluteh count = IO?_, cmergence success = 78.4%)
(Table 39). This is equivalent to a hatchlmg
survivorship while crossing the beach to the point
of entry to the sea = 6.7%. Almost all of the
associated predation was by rufous night herons.
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During Junc 1980 there
were only hundreds of rufous
night herons on Raine Island
and none were breeding. Few
birds aggregated on the beach
to prcy on the hatchling turtles.
Estimates of predation rates were
made by direct observation
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TABLE 41. Field data based on flipper tag recognition of fcmale turtles
within the internesting habitat tagged while nesting at Raine Island. These
data were used to caleulate Petersen estimates with Bailey’s correction of
the number of breeding Chelonia mydas present (N) in the internesting
habitat of Rainc Island Recf during December in successive breeding
scasons. M = total number of marked turtles in the population; m = number
of marked turtles recaptured in the adjacent waters out of a sample of n
turtles examined for marks.

and by examination of tracks [ Date | Transeet
on thc beach for hatchlings |~ | bwpe
| 41277 snorkel

emcrged from 11 elutches: no
predation for 5 clutches; crabs
took 1 hatchling per clutch from

| 61277

9 i D;ys ;ince | 7Estimate

Marking | marked | M | ™| " | NsSE

Moncltag, L1 | 1 37 |1 [ 12| 2414128
snorkel | Moncltag, L1 | 12 | 49 417+226 |

each of 5 clutches (Ocypode
cordimana identified at two of
the hatchlings); an unidentificd

1 |16
N8| specdboat | Monclmgg_l} 1-3 149 | 8 |79 | 4,409+1313
4/12/81 lvspecdhosz Monel tag, L3

127 2421 34 [197 | 13,696 + 2,071

bird took I hatchling from 1

212/84 l snorkel | Titanium tag, L3 | 1-11 | 1.765| 1 | 83 74.l301§2,286|
3/I2/84_‘Y_ snorkel | Titanium tag, L3>[ 1-12 2,034 7 127 | 32,544 + 12,732

| 8/12/84 | speedboat | Titanium tag, L3 |

117 [2.104| 7 | 91 | 24.196% 7,665

clutch. From these 11 clutches | 17/12/84 | snorkel | Titaniumtag, L3| 1-26 2362| 2 | 44 [ 35430+17,114 |
(assuming clutch count = 102, | 1912/84 | snorkel |Titaniumiag, L3| 128 [2475| 6 | 97 | 34650+ 11,805
emcrgence success = 74%) | 91285 | snorkel |Titaniumtag L3| 13851 4 | 10| 3.0472919
(Tablc 39), the 6 hatchlings 16(12_/85j SCUBA [Tnﬂiumﬁagﬁ [1765] 4 | 10 | 388321171

preyed upon during the beach
crossing represent a hatchling
survivorship during thc beach crossing =99.3%.

The rufous night hcron breeds on Raine Island
in large numbers during the main period of
hatchling emcrgence. It may require some 20-30
clutches of hatchlings to satiatc these birds each
evening/night. When there are hundreds or
thousands of turtlc clutches emerging nightly, the
birds will make little impact on thc hatchling
numbers. However, when there are few clutches
emerging, most of the hatchlings may be caten
before they reach the water. Outside the rufous
night hcron breeding season these birds are minor
predators of the turtle hatchlings. This season-
ality of intense predation by this nocturnal bird
species on turtle hatchlings is a similar to that
obscrved with the rufous night heron predation
on N. depressus hatchlings on the beach at Crab
Island (Limpus ct al., }983b).

These observations suggest that the most pro-
ductive seasons with respect to hatchling survival
during the beach crossing to the sca will be the
densc nesting seasons. No attempt has been made
to quantify predation of hatchlings afier thcy
entered the sea or to determine where they swim
after they disperse from Raine Island Recf.

ESTIMATION OF THE ANNUAL RAINE
ISLAND NESTING POPULATION SIZE

At present, the only precisc method for
measuring the total annual nesting population at a
turtlc rookery is via a total tagging census. This
rcquires cvery female using the rookery to be

tagged or checked for existing tags on every night
of the five months or more of the nesting season.
The remoteness of Raine Island makes it
logistically and financially difficult to monitor an
entire breeding season. In addition, the usually
largc size of the nesting population also makes it
very difficult to tag every turtle present on any
one night at mid scason.

From repetitive total tagging censuscs of the
Heron Island Chelonia mydas rookery (Limpus,
unpubl. data) and the Mon Repos Caretia caretta
rookcry (Limpus, 1985) it can be cstablished that
the nesting density at a standard sampling time
within the mid nesting season can be used as an
indcx of the size of the annual nesting population.
However, it would be an advantagc if the absolute
sizc of the nesting population could be estimated
from population sample data recorded at the
island.

PETERSEN ESTIMATE. To rcduce the problem
of widening confidence limits that result from
multiplying several factors, cach with their own
05% confidence limits, a tagging - rccapture
method was used to relatc the number of ncsting
turtles ashore on the island directly to the number
of turtles swimming in the intcrnesting habitat
surrounding the island (see Methods). This
method provides a single step calculation for
estimating the number of female turtles within
the ncsting habitat.

The flipper tagging and transect data used to
calculate thc Petersen cstimates with Bailey’s
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TABLE 42. Data recorded during estimation of the size of the annual Raine Island Chelonia mydas nesting
population, The turtles were marked with paint on the carapace. Different colours or markings were applicd on
different nights within a breeding season. The number of adult female Chelonia mydas in the waters adjacent to
Raine Island was estimated using a Petersen estimate, with Bailey’s correction.

. Counts by speedboat transects
Painting on beach
Counts of adult female C. mydas Counts of non ‘adult females’ C. mydas
N | o] S | g [ | Fomlten
Date p:;le)ed Paint code Date Paint code Adﬁltl-?i’md (m) mg%:?(iled lmSlr:(;aelgrc i
(n}
1987: coloured oil-based paint | Speedboat transects
30/11/87 441 Yellow 1/12/87 Yellow 217 10 0 0 8,740 + 2,458
1/12/87 241 Blue 2/12/87 Yellow 55 1 0 1 0 12,348 + 7,001
2/12/87 838 Red 2/12/87 Blue 2 4,499 + 2,188
3/12/87 542 Blue-green | 3/12/87 Yellow 184 3 2 1 0 20,396 + 9,022
3/12/87 Blue 0 -
3/12/87 Red S 25,838 + 9,606
4/12/87 Yellow 327 3 3 2 0 36,162 + 16,073
4/12/87 Blue 0 -
4/12/87 Red 5 45,811 £ 17,156
4/12/87 | Blue-green 0 -
5/12/87 Yellow 356 3 3 1 o 39,359+ 17,503
5/12/87 Blue 0 -
5/12/87 Red 12 23,013 + 6,037
5/12/87 | Blue-green 0 -
SCUBA
1/12/87 Yellow 376 7 0 0 0 20,782 + 6,853
2/12/87 Yellow 56 2 0 0 0 8,379+ 4,078
2/12/87 Blue 0 -
3/12/87 Yellow 239 2 0 6 0 35,280 £ 17529
3/12/87 blue 0 -
3/12/87 red 6 28,731 + 10,009
1988: white oil-based paint Speedboat transects
30/11/88 | 402 Stripe 1/12/88 Stripe 402 19 9 1 0 1,970 + 384
1/12/88 237 Cross 2/12/88 Stripe 147 8 8 1 6,611 + 2,026
6/12/88 289 \ 2/12/88 Cross 0 -
3/12/88 Stripe 161 8 0 1] 0 7,236+ 2,224
3/12/88 Cross 2 12,798 + 6,339
. 7/12/88 Stripe 130 7 0 0 0 6,582 + 2,126
‘ 7/12/88 | Cross 3 7,762+ 3418
7/12/88 v 5 6,310 + 2,330
SCUBA
1/12/88 Stripe 19 4 0 0 0 1,608 +569
3/12/88 Stripe 46 3 0 0 0 4,724 £ 2,021
3/12/88 Cross 2 3,713+ 1,796
7/12/88 Stripe 23 1 0 6 0 4,824 + 2,667
7/12/88 Cross 1 2,844 + 1,572
71288 |V 0 -
1991-2002: Transects standardised to boat transects
6/12/91 950 Stripe 7/12/91 Stripe 435 30 0 0 0 13,361 £ 2,276
8/12/91 600 v 9/12/91 Stripe 543 18 0 2 0 27,200 + 5,975
9/12/91 A 2 108,800 + 54,250
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TABLE 42 (Cont.)
Panelon et Counts by speedboat transeets
Counts of adult female C. mydas Counts of non ‘adult females’
Total C. mydas C. mydas
Date a?n(z.cd Paint eode i Sh_on- Jainicd E. P:&l’."?:‘gn
pi ) aint eode Date Paint code Adﬁltl-esciized (m) Lo:%-uuixti]ed Imsrinzz::t:lxre Al
()
1991-2002: Transeets standardised 1o boat transcets (cont.)
1992/93 Sea too rough to make counts
1993/94 Sea too rough to make eounts
1994/95 Sea too rough to make counts
1995-2002: Paint standardised to Airpave™
6/12/95 | 1010 |Lengthwise| 7/12/95 | Lengthwise| 1,039 24 21 0 1 42,016 + 8,140
1/12/96 1,033 | Lengthwise| 2/12/96 I Lengthwise 194 6 - - - 28,776 + 9,990
7/12/96 | 1,526 | Crosswise | 8/12/96 | Crosswise | 489 28 - - - 25,784 + 4,566
1/12/97 553 | Lengthwise| 2/12/97 | Lengthwise 145 3 2 0 21,290 + 9,397
1998/99 | Sea too rough to make counts
8/12/99 | 1239 |Lengthwise| 9/12/99 [ Lengthwise | 3,261 50 4 13 0 [79.247+10903
10/12/99| 1,147 | Crosswise | 11/12/99 | erosswise | 3.812 55 0 8 0 | 78,098 £ 10268
4/12/00 86 | Lengthwise | sn2i00 Lengthwise 39 2 2 1} v} 1,147 + 551
7/12/00 96 Crosswise | 6/12/00 | Lengthwise| 30 2 1 0 (1] 889 +422
7/12/00 | Lengthwise 54 5 0 1 1] 788 + 281
8/12/00 | Lengthwisce 40 3 0 0 1} 882+ 374
8/12/00 | Crosswise 0 -
6/12/01 | 1,188 |Lengthwise| 7/12/01 | Lengthise | 1,024 8 ! 3 B
8/12/01 1,163 | Crosswise | 9/12/01 | Crosswise 1,024 16 1 3 (1] 70,122 £ 16,390

corrcction of the number of adult female C.
mydas in the waters surrounding Raine Island
during carly December, 1977-1985, are
summarised in Table 41. While there is some
variability in the results from within a single
nesting season, the 95% confidence limits
usually overlapped.

When the method was first used, it relied on the
turtlcs being tagged distally on the trailing edge
of the front flipper (L1 tagging position) with
monel tags. These distally applicd tags were
highly visible (flashing in the sun light) on the
swimming turtle in the clear shallow waters
surrounding Raine Island. When the tagging
position was changed from L1 to L3, the tag
became more difficult to distinguish. The tag
bccame even more difficult to detcct on a
swimming turtle when the tag design changed, to
improve tag retention, from the highly polished
moncl tag to the more dull lustred titanium tag.
Under the latter eircumstances many more turtles
were being excluded from the underwater counts
of taggcd/untagged females because of
uncertainty of recognising the presence/absence
of a tag, especially during speedboat transects.
This resulted in more time having to be spent
counting turtles with divers/snorkelers in the

water rather than using speedboat transeets. With
the former came the increased frequency of
encountering big tiger sharks.

In 1987 a system of paint tagging the nesting
females was introduced (Figs 42-43) to increase
the visibility of a tagged turtle in the water. The
paint marks on the turtle carapaces held well for
about 4 days following application. Some turtles
were encountered back on the island after more
than 4 days with most of the paint mark
obliterated. Within the internesting habitat, most
of the paint loss was caused by abrasion as turtles
pushed into crevices under coral. The paint
peeled off more readily if the carapace was not
dry when painted or if there was an algal coat on
the carapace. The different paint eolours (Table
42) werc not equally recognisable in the water.
For example, no green painted turtles were
‘recaptured’ swimming over the reef while all
other colours were recognisable. This lack of
recapturcs was not because the green paint marks
had been shed by the turtles. Green painted turtles
were frequently encountered ashore on the island
on subsequent nights. Blue paint was only
marginally more visible than the green paint.
From 1998 onward, the paint tagging has been
standardised to white paint. White paint was very
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FIG. 42. Paint tagging a nesting turtle at Raine Island,
December 2000 as part of the Petersen Estimate of the
size of the total nesting population.

visible on the backs ofthe turtles in the water and
contrasting paint mark designs were casily
distinguished up to 30m underwater even when
the turtle was barely distinguishable at that
distance. Since 1995, the paint tag has been the
more durable outdoor paint designed for road
marking. As it became apparent that very large
sample sizes had to be marked and examined to
provide estimates with tight confidenee limits,
the underwater transeets swum with snorkel or
SCUBA were phased out in favour of the speed
boat transcets. This also provided for reduced
risk to the team given that large tiger sharks were
regularly encountered during swim transeets at
Raine [sland Reef.

A search of Raine Island Reef waters and the
water of adjacent reefs during December 1988
demonstrated that turtles nesting at Raine Island
were mostly concentrated in the waters
immediately surrounding Raine Island and were
not seattered widely throughout the region during
the internesting intervals (Table 43).

Within any one sampling period, the
population estimatcs obtained using carapacial
painting to tag the nesting females were variable.
When large numbers of nesting females were
painted ashore at Raine Island and a very large
sample (thousands) of the turtles examined in the
internesting habitat on Raine Island Reef, there
was usually reasonable agreement among the
estimates of the internesting population size
(Table 42). However, the results are probably
influenced by sea surface conditions.
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FIG. 43. A paml tagged female (longitudinal stripe) in
the inlernesting habitat of the reef margin to Raine
Island Reef, December 2002. (Photo W. MaePharlane)

Unfortunately, the weather is not always
compatible with these types of studies and in at
least 4 years the counts on the reef flat could not
be undertaken because of the weather,

The relationship between the mean nightly
tally count and the estimated size of the
internesting population in the adjacent waters is
iflustrated in Fig. 44. For most years, the Petersen
estimate has correlated well with the mean tally
count. This has been particularly so for mean
tally counts up to about 4,000 females per walk of
the beach. At this mean tally count level, there is
an estimated internesting population adjacent to
the Rainc Island rookery of approximately
25,000 breeding female C. mydas. The
relationship is poor when there are very dense
nesting populations. In particular, in the 1999

TABLE 43. Numbers of turtles recorded during
speedboat transeets over reefs adjacent to Raine
Island, 4-6 December 1988. Only Chelonia mydas
were identified during these transects. No painted
turtles from Raine Island or from Moulter Cay were
observed during these transeets.

— R = = =

Short-tailed e (deali f
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2 o] srantasvorkir | from different nights.
g ] Within any onc nesting season
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z ] active ncsting females present at
£ 40 - . different times of the season, with
D small numbers present in early and
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- PN of the total annual nesting
0 — T e population visited the island during
0 2 4 6 8 10 12 14 the last two weeks of Dceember

MEAN NIGITLY TALLY COUNT (THOUSANDS)

FIG. 44. Comparison of the Mean nightly tally count with the estimated
number of adult females in the interesting habitat of Raine Island.
The Petfzrsen estimate was used to estimate the size of the interesting
population. See 1ext for deseription of the tagging and transcct count

methods.

season, the estimate of 78,672 + 10,586 was not
expeeted from the mean tally eount of 6,693.
Howevecr, this estimate would appecar to be con-
sistent with the cxecptionally dense population of
C. mvdas photographed in the Raine lIsland
internesting habitat in late 1999 (Chadwick &
Doubilet, 2000). In thc exeeptionally dense
nesting scasons, there could be approximately
80,000 females in the Raine Island intcrnesting
habitat in carly Deeecmber.

Estimating the size of the total annual nesting
population for Raine Island via a single Petersen
estimate calculation using data derived from
marking on the nesting beach and ‘reeapture” in
the internesting habitat in the days immediately
following tagging is cost effeetive. The method
warrants further investigation to improve its rigor
in the very high density nesting Seasons.
Carapacial painting is a workable method for
tagging the turtles, provided the paint marks are
prominent and of a suitable eolour. Selected eolours
and/or paint marks can be used to distinguish
different tagging eohorts. To maximise the
preeision of the estimate, it is cssential to
maximise the proportion of the total population
of internesting turtles tagged in any one nesting
sample and to maximise the number of turtles
examined in the aquatie recapture phasc. In this
regard, further investigation of the painting
teehnique would be appropriate to develop a
method for paint tagging many thousands of
nesting females in a single night. At the same

(Limpus ct al., 2001). This should
equate to the total population in the
internesting habitat in carly
December. In addition, there is a
strong correlation between the
nightly number of nesting C. mydas
using Moulter Cay (MCTALLY)
(Tablc 4) with the nightly tally count
Raine Island (RITALLY) (Table 3) on thesame or
adjacent night: MCTALLY = 0.3928 X
RITALLY + 95 (Fy 4= 47.6; p<0.005. 1" =0.773,
DF = 14.). By combining thesc two values it is
possible to obtain an estimate of the size of the
total annual nesting C. mydas at Raine Island,
Moulter Cay and immediately adjacent islands:

= (Raine Is December estimate + Moulter Cay
December estimate) / 0.85

= (R1 December estimate + 0.3928 X Raine Is
Deccmber estimate + 95) / 0.85

=1.6386 % RaineIs Deeemberestimate + 112

Thus the estimated total annual ncsting
population for Rainc Island and Moulter Cay in
the very high nesting density scasons would
approximate 131,000 females. The total nesting
population in the extremely dense nesting
seasons for the entire nGBR stock will be slightly
higher if a few thousand additional females
nesting at Bramble Cay, Murray Islands, No. 7
and No. 8 Sandbanks, Milman Island and the
other C. mydas rookerics of the northern GBR
and Torres Strait are added. A more typieal dense
nesting population with a mean tally count of
about 4,000 females at Raine Island, may be in
the order of 41,000 females breeding annually.

The nGBR stoek, for whieh Raine Island -
Moulter Cay arc the primary breeding sites,
supports the largest nesting aggregation of C.
mydas remaining anywhere in the world (King,
1982; Groombridge & Luxmoore, 1989).
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TABLE 44, Frequency distribution of the prescnce and absence of corpora
albicaniia on thc ovaries of brecding adult female Chelonia mydas
examined at Raine Island. The proportion of females with no corpora
albicantia provides an cstimate of the rate of recruit of new females into the
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season. This assumption needs
testing with C. mydas given
that new recruit C. caretta and
N. depressus tend to arrive later

breeding population (= 95% confidence limits).

in the nesting season at south
Queensland rookeries (C.J.

ESTIMATION OF ADULT RECRUITMENT
RATE

Ovaries of samples of breeding female C. mydas
at Raine Island were examined for the presenee or
absence of corpora albieantia (Fig. 45). Corpora
albicantia are ovarian scars from ovulations in
previous years. Henee, females without corpora
albicantia are in their first breeding season i.e. new
reeruits to the breeding population. The proportion
of breeding females without eorpora albicantia
provides a measure of the recruitment rate of new
adult females into the breeding population (Table
44). Commencing tn 1989, an attempt was made to
quantify the annual recruitment of new turtles into
the Raine Island breeding population.

The annual recruitment rate of new adults into
breeding population is low: mean = 7.17% (SD =
6.41,range =0-18.5%,n=11)(Table 44, Fig. 46).

These measurements are based on two under-
lying assumptions. 1) the rate measured on dead
females at Raine Island is similar to the rate for the
entire population, i.e. the nesting turtles that died
on the island were a random sample of the entire
nesting population with respect to recruitment. 2)
that the reeruitment rate measured in early
Deeember is representative of the entire breeding

— - e ’
L Nesting females examined Recruitment lepus‘ and C.J. Parmenter,
Breeding | Methodof [ | ... | .. B DamaeEs respectively, unpubl. data).
season assessment | Total With Without | Estumated | e b | This assumption was tested
albicantia | albicantia value i 2 d
L B imits during the 1996 breeding
_1989.Dcc | Necropsy | 9% S R | ‘_3-3% 72:216% | scason only and similar results
1990, Dec L:IecrOPS)' 4 59 ! 17% | 9p4.89% | were obtained in early
= iparoscopy | 52 - 0 L .
5 2%—9 - 5 263 YL December and early February
ecrops | 5% .3-8.8% .
1991.Dec || piouopy| S0 | 777" | (Table 44). Although the
1992 Dee | Necropsy B 9 6 6.1% 23275 | results from laparoscopy and
D€ Lapatoscopy 97 B | - neeropsy provide no indication
1993, Dec | Necropsy | 33 | 33 | o | 0% . of a bias from the dead turtles
1994, Dec |Laparoscopy, 51 | 44 | 7 | 137% | 57-262% | (Table 44), this assumption
1995, Dec _?Gonads sampled by non-standard method. Data deleted from analysis. | warrants further testing.
. 1 . — . T T f .
|_1996,Dec | Necropsy | 35 3 L 29% | 9.9-14.%% There are few studies of
1997, Feb 1 Necropsy | 100 | 100 , 0O 0% | 00-36% | marine turtles against whieh to
1997, Dec | Necropsy | 52 1__ 4 4 7.7% | 21-185% | judge the significanee of these
| 1998, Dec | Necropsy | 1 0 - - recruttment values. This recruit-
1999, Dec | Necropsy 65 53 12 18.5%  9.9-30.0% | ment rate for the Raine Island
| 2000, Dec | No freshly dead turtles available during study. . C. mydas is considerably lower
| 2001. Dec | Necropsy | 16 14 2| 12s% | 16388% | than that estimated from

tagging studies with Caretta

caretta (30-50%,. Natal, South
Afriea. Hughes, 1989; 30-40%, Georgia, USA,
Richardson & Richardson, 1982; 44.2% + 5.7%.
Queensland, Australia, Limpus, 1985). However,
all of these values for C. caretta have been
measured in depleted populations. In contrast, the
annual reeruitment rate estimated from tagging

FIG. 45. An ovary with corpora albicantia. This ovary
was from an adult female Chelonia mvdas that died
while ashore attempting to nest at Raine Island,
Deccember 2002. MF = maturc ovarian folliclc; AF =
atretic folliclc; PVF = pre-vitellogenic follicle, CA=
corpus albicantium; CL. = corpus luteum.
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FIG. 46. Annual variability in recruitment ratc of ncw females into the
Chelonia mydas brecding population at Raine Island.

studics with the stable population of the castern
Australian N. depressus stockbreeding at Mon
Rcpos, Peak Island and Wild Duck Island was in
the range of 10-20% (Parmcnter & Limpus. 1995;
Limpusetal., 2002). The mean annual recruitment
rate cstimated from gonad examination using
laparoscopy with the declining E. imbricata
population the breeds in the northern GBR during
1991-2000 was 15.5% (SD = 6.65, range = 8.3 —
27.3%, n = 8) (Miller et al., 2000). Thus, the
recruitment rate of new adults into the nGBR C.
mydas stock is only slightly lower than the recruit-
ment rate estimated for the stable population of V.
depressus and the declining £. imbricata
population that breed in eastern Australia.
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CONCLUSION

Raine Island has been a nesting site for green
turtles for over 1.000 years. The ncsting
population of green turtles has been known to
Europeans for approximately 175 years during
which a navigation beacon tower was built,
guano was mined and turtles were harvested.
Green turtles nesting at Raine Island are part of a
larger genetic stock that utilizes many islands in
the northern Great Barrier Reef (nGBR) and
castern Torres Strait. This population is one of the
largest remaining stocks for the species on a
global scale. The nesting green turtles of the
nGBR are morphologically similar to other
genetic stocks of eastern Australia and the Gulfof
Carpentaria, as well as elsewhere in the world.
The population is chatacterised by a very long
remigration interval with a mean of 4-5 years.
The number of turtles using Raine Island varies
by orders of magnitude among seasons. Fluctu-
ations in numbers of nesting turtles are correlated
with alterations in the ENSO measured 18
months preceding. Intra-annual variation also
occurs; the highest density nesting occurs during
the mid summer months and the lowest density
nesting oceurs during the winter months.

Adult mortality on the nesting beach and egg
mortality were positively correlated, while
predation by sharks on the nesting turtles and

T
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nesting sucecess were negatively correlated with
an index of the size of the annual nesting
population. In high density nesting scasons
following repetitive disturbanee females reduce
the cluteh produetion as a result of resorption of
ovarian follieles. Death of nesting turtles is a
natural phenomenon and oeeurs primarily from
heat exhaustion on the beach by day following
extended unsucecessful nesting attempts.

There has been a progressive deeline in the size
of nesting females over the deeades of the study.
This deeline was associated with a deeline in size
of remigrant turtles. There was no deeline in the
size of turtles being tagged for the first time. The
deerease in size of the females oeeurred in eon-
junction with a progressive inerease in remigration
interval. Inreeent times, the nesting populationis
also eharacterised by a very low reeruitment rate.
These demographie charaeteristies may indicate
that this large population is in the early stages of
decline as a result of loss of adult turtles. There is
wide spread hunting of turtles from this
population that preferentially targets the adult
and near adult size (Sehulz, 1984; Kwan, 1991;
Johannes & MacFarlane, 1991) that eould
aecount for thesc ehanges. In addition, if the
reeent phenomenon of very low hatehling
production resulting from flooding of the Raine
Island nesting habitat eontinues, then significant
deelines can be expeeted in the numbers of young
C. mydas in the dispersed foraging arcas. Taken
together, there is a high probability that this
population will deeline in the foresecable future.
It is reeommended, that monitoring of the impaet
of human induced mortatity on the population
throughout it dispersed foraging areas be
increased and that steps be taken to reduee human
mortality to a sustainable level.
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